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PREFACE. 


DxjBiKO  the  winter  session  1841-42, 1,  for  the  fiiBt  time, 
gave  a  course  of  lectures  on  Histology,  in  Edinburgh,  and 
the  following  year,  Mr  Quekett  gave  a  similar  course  in 
London.  In  1848,  when  appointed  to  the  chair  of  the 
Institutes  of  Medicine  in  this  University,  I  began  to  teach 
Physiology  systematically,  and  have  done  so  every  winter 
since  then,  while  the  lectures  on  Histology  were  delivered 
only  in  summer.  In  1862,  I  was  enabled  to  institute 
courses  of  instruction  in  Practical  Physiology,  as  thoy  are 
at  present  taught  both  during  the  winter  and  summer 
sessions,  having  obtained  at  that  time  a  new  laboratory, 
furnished  with  all  the  modem  instruments  of  precision 
necessary  for  the  purpose. 

In  1858,  under  the  title  of  "  Outlines  of  Physiology,"  I 
published  an  extension  of  the  article  I  contributed  to  the 
last  edition  of  the  EncyelopcBdia  JBritanniea,  The  rapid 
exhaustion  of  a  large  edition  of  this  little  work,  demon- 
strated the  great  demand  that  existed  for  a  short  treatise 
on  the  subject.  But  I  have  hitherto  hesitated  to  write  a 
text-book,  apprehensive  that  the  extensive  field,  theoretical 
and  practical,  now  occupied  by  the  science,  would  render 
the  work  too  bulky.  Thus  a  knowledge  of  analytical 
organic  chemistry  and  of  practical  physics  is  at  present 
admitted  to  be  essential  for  comprehending  and  manipu- 
lating the  instruments  which  in  recent  times  have  so  largely 
assisted  in  advancing  the  subject — a  knowledge  not  re- 
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quired  in  tlie  medical  curriculum.  In  yielding,  therefore, 
at  length  to  the  earnest  and  repeated  requests  of  my  claaeea 
to  fumiah  them  with  a  book  that  would  aid  their  studies, 
it  has  to  be  seen  how  far  the  attempt  to  condenae  in  this 
volume  BO  comprehensive  a  science  will  satisfy  the  espec- 
tationa  and  meet  the  requirements  of  the  physiological 
student. 

The  illustrative  plates  contain  figures  which  have  been 
chosen  simply  on  the  fiw>re  of  what  has  appeared  to  me 
their  utility.  Like  the  text,  they  are  compressed  into  the 
smallest  possible  space,  and  have  been  produced  by  photo- 
lithography, in  order  to  diminish  cost.  Some  of  them,  in 
consequence,  although  sufficiently  characteristic,  may  not 
be  so  perfect  as  good  woodcuts,  but  the  latter  would  have 
seriously  increased  the  price  of  the  book. 

I  have  to  thank  my  assistant,  Dr  McKendrick,  for  the 
valuable  aid  he  has  rendered  me  throughout  the  progress 
of  the  work,  but  more  especially  in  the  sections  on  the 
Physical  Properties  of  the  Tissues,  on  Practical  Chemical 
Physiology,  and  on  Practical  Experimental  Physiology, 
which  were  entirely  written  by  him. 

J.  HUOBEB  BkNKXTT. 
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Phtsioloot  is  that  science  which  treats  of  the  phenomena  ob- 
served in  liWng  beings.  Of  these,  such  as  occur  in  plants  are 
now  taught  by  the  Professor  of  Botany,  and  such  as  distinguish 
the  lower  animals  are  comprehended  in  the  lectures  of  the 
Professor  of  Zoology.  By  Physiology,  therefore,  at  present,  is 
generally  understood  a  knowledge  of  the  functions  of  the  human 
body — in  other  words,  human  physiology  ;  whatever  facts,  how- 
ever, throw  light  upon  tins  last  branch  of  the  subject,  observed 
in  any  of  the  kingdoms  of  nature,  are  made  available  for  the 
pui-poee.  The  student,  after  obtaining  a  certain  knowledge  of 
Anatomy — which  teaches  us  the  structure  and  relations  of  the 
parts  of  the  body,  as  determined  by  dissection — should,  in  the 
first  instance,  study  the  chemical,  histological,  and  physico-vital 
phenomena  j)resented  by  the  tissues  of  which  the  organism  is 
composed.  This  has  taught  us  that  Ml  function  is  dependent  upon 
the  alterations  and  actions  upon  one  another  of  the  ultimate 
molecules — chemical  and  histological — of  which  these  tissues  are 
made  up,  and  that  the  sum  of  the  forces  they  evolve,  constitutes 
i-itality.  He  should  next  pay  attention  to  the  special  physiology 
of  organ.s,  which,  acconling  to  the  functions  they  subserve,  are 
arranged  into  the  three  groups  of  Nutrition,  Innervation,  and 
Reproduction.  Lastly,  he  should  exercise  himself  in  the  methods 
and  in  the  use  of  the  instruments  which  have  l)ecome  so  necessary 
for  clearly  comprehending  and  making  additions  to  the  truths  of 
physiological  science.  This  branch  of  the  subject  I  have  for 
many  years  taught  in  the  Laboratory  of  this  University  under 
the  name  of  Practical  Physiology. 
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CHEMICAL  ELEMENTS. 

iilphur,  chliiriuB,  fluorine,   iodine,   bromine, 

— Potassium,  sudiiun,  calcium,  tnftg- 
npHium,  iilumininm,  iron,  raJuiganeae,  copjjer,  and  lead. 

Of  these  twenty  elemeuU,  the  moet  ctiaeiitial  are  oxjgen,. 
hjclrogen,  carbon,  and  nitrogen,  whjcli  may  be  regarded 
basis  of  all  organic  matter. 

Oxi/gm,  the  moot  abundant  of  all  the  elements,  is  an  ei 
constituent  of  all  living  organiania,  inde|)endently  at 
m  the  water  of  the  tiasaes. 

Ilydrogfn  also  exists  in  the  water  o(  the  tissues,  (it  wliicli  it 
forma  one-ninth  by  weight,  and  it  in  found  in  almost  all  organic 
matters. 

Carhan  ia  the  characteristic  element  of  organic  bodies  ;  m 
much  so,  that  when  any  BubstAnce  cxpoHed  to  heat  on  a  piece  ot 
platinum  foil  beconiea  blackeuetl  or  charred,  from  the  sepuratiOB 
of  carbon,  it  is  known  to  be  of  organic  orij^.  Carbon  ia 
associated  with  oxygen  and  hydrogen  te  form  many  of  th« 
unipler  organic  compoiunis. 

Nitrnjfeii.  In  more  highly  organised  substances  such  as  albu- 
min, fibrin,  and  casein,  nitrogen  is  sujierailded.  Free  nitrogen 
is  said  to  be  found  in  the  air  bladders  of  fish,  and  in  other 
cavities  of  the  animal  body. 

Phatphortia  ia  found  in  the  urine  (where  it  was  first  discovered] 
in  blood,  and  in  the  proximate  principles,  ftlbuuuB  and 
which  enter  so  largely  into  the  composition  of  all  the  soft  tistnie^ 
It  also  exists  Largely  in  nervous  tissue,  and  in  bone,  where,  in 
combination  with  lime,  it  forms  tribasic  phosphate  of  calciuu^ 
the  chief  mineral  constituent  of  that  important  strtictnre. 

Sulphur  is  neceseary  to  the  constitution  of  albumin,  fibriii<, 
and  casein,  and  it  exists  in  the  lanrin  iif  bile,  and  the  cyslni 
of  urine.  It  also  forms  siilphiitcs  in  combination  with  oxygMi 
and  various  bases. 

Chiorint  exists  chieHy  in  combination  with  sodium  and  potaa- 
sium,  forming  chlorides  of  sodium  nn<l  potassium — the  former 
being  a  most  im|iortaut  constituent  of  all  auimala 

Fluorint  has  been  found  in  very  small  quantity  in  the  ash  of. 
blood,  milk,  and  bone. 

lodint  and  Bromine  have  been  found  in  the  secretions  of  per- 
sons taking  cod  liver  oil,  or  in  the  fanbit  of  eating  marine  plants 
and  animals,  all  of  which  contain  them  eubHtaiicee. 
SHieon,  in  form  of  silicic  aciil,  is  seldom  absent  from  the 
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of  organic  matters,  though  it  exists  in  very  small  quantity. 
According  to  Gorup  Besanez,  it  forms  a  constituent  of  feathers 
and  of  hair. 

Potassium-salts  enter  largely  into  the  composition  of  the  body, 
forming  essential  constituents  of  many  organs  and  fluids,  as  for 
instance,  flesh  and  milk.  They  are  derived  chiefly  from  the 
vegetable  kingdom. 

Sodium  in  combination  with  chlorine,  sulphuric,  phosphoric, 
carbonic,  and  various  organic  acids,  exists  in  every  tissue  of  the 
body. 

Calcium  exists  in  the  bones  of  animals,  as  carbonate  and 
phosphate,  and  it  also  combines  with  organic  acids. 

Magnesium  in  the  form  of  carbonate  and  phosphate,  is  found 
in  flesh,  blood,  milk,  urine,  &c. 

Iron  is  one  of  the  most  important  elements  of  the  body,  as  it 
forms  about  seven  i)er  cent,  of  hsematin,  the  red  colouring  matter 
of  the  blootl  corpuscles. 

Aluminium,  Manganese,  Copper,  and  Lead,  are  only  occasion- 
ally found  in  the  tissues,  and  their  presence  may  be  accounted  for 
by  some  peculiarities  in  the  chemical  nature  of  the  food  used. 
It  has  also  been  suggested  that  the  copper  and  lead,  rarely  met 
with,  may  have  been  derived  from  the  apparatus  made  use  of 
in  the  chemical  research. 

Compound  Radicles.— Numerous  hypotheses  have  been  ad- 
vanced to  explain  how  the  twenty  elementary  substances  above 
mentioned  combine  to  form  the  tissues  of  a  living  being. 

Before  the  days  of  Dumas  and  Liebig,  the  opinion  generally 
held  was,  that  the  elements  oxygen,  hydrogen,  nitrogen,  and 
carbon,  combined  to  form  ternary  and  quaternary  compounds, 
which  made  up  the  tissues  and  fluids  of  the  body. 

M.  Raspail  taught  that  oxygen  and  hydrogen  first  united  to 
form  water,  which,  entering  into  combination  with  carbon, 
formed  a  ternary  compound.  In  the  same  manner,  nitrogen 
entered  into  the  composition  of  the  tissues,  through  the  agency 
of  an  ammoniacal  salt,  and  the  union  of  this  salt  with  water 
formed  nitrogenised  organic  matter. 

The  next  theory  was  that  of  Liebig,  which  has  been  termed 
the  theory  of  compound  radicles.  Among  the  numerous  sub- 
stances derived  from  the  organs  of  an  animal,  groups  are  found, 
the  members  of  which  exhibit  a  close  analogy  with  each  other, 
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both  in  chemical  constitutiou  and  in  the  deeomposition 
underga     Fur  eiumple,  eacli  member  of  the  foUowiug  w 


they  J 


u  of  carbou,  fuid  two  atoms  of  hydrogen,  I 
less  th:ui  the  oue  immediately  above'  it. 

Wood  spirit,  CH,0. 

Etliylic  alcohol,  ,C,HA 

Propylic  alcohol,  C.H.O. 

Butylic  alcohol,  C.H„0. 

Each  of  these  cumpouiidB  is  eviduitly  anolugoiis  to  wood  I 
spirit,  but  contains  an  additional  number  of  multijiles  of  ths  ] 
hydrocarbon  CH,,  and  the  group  fonns  what  cliemiats  term  s  ,1 
homologouH  series.  By  variouH  chemical  processes,  each  alcohol  J 
yields  an  ether,  an  aldehyde,  an  acid,  &c,  anil  lliese  derived  J 
compounds  form  a  heterologous  »erie&  Liebig  exiil/iins  thi»  I 
BiluU.'uity  existing  between  members  of  such  a  homologous 
by  the  hypothesis  that  in  each  of  them  there  is  a  certain  group  J 
of  elemepta.  wliithhe  terms  the  radicle  of  the  series — the  radicle 'f 
of  the'^ftfiore  sftiea  being  methyl  (CH,).  Thus  wood  spirit  i 
the  hydrated  oiide  of  methyl  (CH.HO),  The  ether  derived! 
from  wood  spirit,  is  the  oside  of  the  radicle  (CH,)^.  A.  I 
rwlicle  may  be  sample  or  compound.  The  radicles  of  inorgnniB  J 
chemistry  are  usually  simple  ;  th<»e  of  organic  chemistry  an  T 
complex  ;  but  in  either  case,  the  radicle  plays  the  part  of  a  b 
luid  discharges  a  fuactiou  uunJoguus  to  that  of  potaasiiun  and  it«  J 
salts. 

In  carrying  these  general  views  into  detiiil,  M.  Dumas  mads  >l 
the  beautiful  generalisation,  that  an  animal  shoiilil  be  regarded,! 
in  a  chemical  ptiint  of  view,  as  an  apparatus  of  combustion,  M 
which  incesauntly  returns  tu  tlie  utmosphere  carbonaceoiu  | 
matters  in  the  shape  of  carbonic  *cid  (Ct^),  hydrogen  ( 
constituent  of  water  (H/)),  and  ftat  nitrogen  in  tlie  form  oil 
ammoniimi  oxide  (NH,0).  In  short,  from  the  animal  kingdom  f 
as  a  whole,  there  is  constantly  given  off  carbonic  acid,  wateffl 
vapour,  aud  nitrogen.  Vegetables,  on  the  other  hand,  absorb'fl 
and  £x  these  substances,  retfuning  the  cttrbon  and  hydrcKl 
gen,  and  setting  fi^ee  the  oxygen.  They  also  abstract  nitrogen  I 
directly  from  the  air,  or  indirectly  from  ammonium  oxide,  or  I 
nitric  aoid.  Vegetables,  for  the  most  part,  form  organic  matt«F  J 
under  the  influence  of  sohir  light.  They  pass  ready  formed.  U 1 
foitd  into  the  boilics  of  animals,  which,  during  their  life,  or  after  I 
their  death,  restore  them  tu  the  atmo^here  from  which  th^  I 
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were  origiDolly  derived.  ThuB  the  animal  kingiiom  ia  an  ap- 
paratus of  combustion,  tbe  vegetaljle  kingdom  an  apparatus  of 
nduction  ;  the  cue  produces  the  elemeutB  wliicli  the  other  cou- 
Buniea ;  »o  that,  in  the  language  of  DmuM,  they  are  the  "  off- 
spring of  the  Air."  Th«7  couie  from  the  ntmoaphere,  and  return 
toit  kguo. 

The  variooa  mineral  mattera  vhiuh  enter  into  the  constitution 
of  living  beinga,  exhibit  the  same  (lei>ei)deDc«  which  animals 
b»ve  apoD  vegetables,  and  these,  agMJn,  upon  inorganic  matter. 
They  simply  {hum  tlirougb  living  beings,  as  it  were,  to  serve 
osrtMD  important  pur|K>sea  in  the  scheme  of  life.  Let  us  take 
Ume  and  sulphur  ns  exumpiea.  Riiin  water,  loaded  witli  tlie 
carbonic  iicid  of  the  air,  falia  upon  calcareous  hills,  and  carbonate 
of  limti,  iu  a  state  of  solution,  eulera  rivera,  and  ia  by  them 
csrrieil  to  the  ocean,  where  it  is  seized  upon  by  millioiis  of 
auinialB.  anil  converted  iu(<i  their  eitemal  skeletons  or  sheila. 
The  water  uf  rivera  luid  apringn  aJau  is  alisorbed  by  plants,  and 
dnnk  by  animals  ;  aud  so  lime  enteni  into  their  substance,  and 
)■  cmvi^rted  into  various  sall^  of  that  base,  such  an  oxalates, 
lArtratfW,  phosphatea,  &c.  Phosphate  of  lime  is  the  jiriucipal 
elemeut  of  the  bouiv,  besides  entering  more  or  less  iuto  the 
OUDititutiou  of  the  other  tiauies  of  the  superior  animals,  which 
aru  cootinually  excreting,  as  well  as  assimilating  it.  Lastly,  on 
tbair  death,  the  lime  ia  lUapersed  in  various  ways ;  even  the 
<«nimble  Xa  pieou  ;  and  so  the  mineral  returns  to  the  soil, 
'MunuM  it  (uune.  Sulphur  passes  from  one  region  to 
,  in  B  similar  roouner,  from  the  sea,  which  contains 
in  large  quantities,  to  the  atmosphere,  thence  to  the  soil, 
•i»4  thence  to  plants  and  animals,  from  whence  again  it  returns 
to  Uie  bosom  of  the  ocean. 

TIlaM)  inowsaut  eiohanges  between  the  soil  or  atmne}ibel-e, 
pbwU,  and  animals,  oiustitute  tlie  theory  known  as  "  the  chemi- 
cal balance  of  organic  nature." 
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tht  various  elements  abnve  enumerated  arrange  themselves 
amler  the  iiifiuemv  of  chemico-vitaJ  laws,  to  form  what  are  termeil 
*■  Pnnriniatc  principles."  A  prox-imate  principle,  strictly  si>eak- 
IBg,  it  auy  HiibaUuico,  whether  simple  or  compouud,  which  exists 
nadBr  i(>  owd  form  in  the  animal  solid  or  fluid,  and  which  can 
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be  extrai'ted  by  meaoB  whicli  do  Dot  (titer  or  tleHtroy  its  chemical 
properties.  Fiir  exiunple,  tricalcic  phcmjjhnte  is  a  pnixiiuate  priu- 
utplu  of  boue ;  but  phosphoric  Acid  ia  not  ho,  sinew  it  does  not  exist 
as  such  in  bony  tissue,  but  is  produced  ouly  after  the  decompoai- 
tioD  of  the  tricolcic  phosphate ;  still  less  phospUonvt,  which  is 
obtained  only  by  decomposing  the  phosplioric  acid  by  the  action 
of  charcoiiL 

The  chemical  proximate  principles,  which  are  of  such  para- 
tuoimt  importance,  in  conBtituting  the  substance  of  the  body, 
may  be  divided  into  four  groups—namely,  1st.  the  albumiiioUB; 
Sd.  the  fatty ;  3ii  the  mineral ;  and,  4t]i.  the  pigraeulaiy 
principles.  All  these  are  more  or  less  associated  together  in 
every  texture  and  fluid,  but  some  abound  in  one,  and  others  in 
another,  giving  to  each  peculiar  characters.  .a 

1.  Tub  Albitvinous  Prihciplbb.  ^H 

The  albumiuoua  principles  are  divided  into,  1st.  AibomiuttteB ; 
Sd.  Albuminoids ;  and,  3d.  Albuminoua  derivatives, 

Albfkisatbs. — Midder  supposes  that  all  the  albuminates 
cuDtoiu  the  anme  radicle  CuHeN,Oi,  which  he  tenus  prottin, 
minbined  with  small  qtiontitiea  of  sulphur  and  phosphorus. 

1.  Jituniin.— Oompodtion  in  KIO  parta— C53-3,H7  1,NI6-7, 
022'I,S1'8  (Lieberkiihn).  Various  chemists  have  found  a  very 
small  proportiou  of  phosphorus  in  albumin.  According  to 
Mulder,  allmmtu  is  a  compound  of  protein  and  a  hypothetical 
substance  termed  sulpbamide — 

5f,.HoNA+N,H,S= C„Hu^aSO„ 

Protein.  Bulphuslda.  AlbmnlD. 
Albumin  forms  the  white  of  eggs,  whem  it  exists  as  albuminate 
of  sodium,  and  it  occurs  in  large  quantity  in  all  th«  auimal  fluids 
wliich  contribute  to  nutrition.  It  is  also  found  iu  most  of  the 
animal  solids.  It  does  not  occur  in  the  body  in  a  free  st^te,  but 
is  always  associated  with  an  alkaline  base  forming  an  alkaline 
nibumiuatc.  It  eusta  in  two  forms — soluble  and  iuBoIuble 
albumin — the  former  being  easily  converted  into  the  latter  by 
the  agency  of  heat,  as  in  the  familiar  example  of  boiling  uu  egg ; 
but  it  ia  doubtful  if  aibiimin  ia  ever  present  in  the  llviug  body 
iu  its  insoluble  state. 

Nearly  all  acids  precipitate  it  from  ita  solutions,     Nitrioacid 
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does  thiit  so  reftdily,  thai  it  is  used  as  a  tost  of  the  presence 
I  of  soluble  alliiituin.  When  boiled  with  hydrochloric  acid, 
)  cblonde,  leuiuu,  tyrosin,  mid  othtir  EuliBtiwces  are 
I  fonncd.  It  is  inauluble  in  alcuhol  &nd  ether.  It  is  pre- 
cipitated liy  corrosive  subliniate  -auil  potassium  ferrocyanide. 
When  diMillwl  with  nuuiganeee  protoxide,  and  sulphuric  acid,  it 
is  dcciimpDeeil  into  luretic,  propionic,  butyric,  aitd  benzoic 
:i]debyde«,  with  the  correspaadiiig  ttcids.  Two  modifications  of 
ulbutniu,  dmvnl  front  pathologic&l  fluids,  have  been  deticribed, 
— {wmltnimiu  and  metalbumi&, — the  former  being  not  com- 
pletely precipitated  by  heat,  uid  the  latter  not  being  thrown 
down  by  |Hitattaium  ferrocyiwiide. 

Till*  Kiihetauce  is  of  the  greatest  physiological  importance. 
Tht!  egg  of  a.  bird  contairu  luirdly  any  other  uitrogeuous  cora- 
pounit  except  albumin,  the  yolk  containing,  in  addition,  a  yellow 
I  fut,  with  tnu.«s  of  irou  and  other  organic  matters.  Yet  we  see 
iu  tho  jirocvatt  of  iucubntiou,  during  which  no  foreigu  matter 
(c«pt  atmoephr'ric  air  can  be  introduced,  or  can  take  any  part 
I  the  deveUipmeut  of  the  animal,  that  feathers,  claws,  blood 
I  corpusclus,  cellular  tissue,  and  vessels  are  produccl. 

2.   /Wnn.  — Composition   in    100    piuia— C527,H6-9,Ni5-4, 

feOi3-3,m'2  (Mulder).      Albumin  may  be  converted  into  fibrin 

■  t>]r  oxiilation,  as  may  be  shewn  by  gtaasing  a  stream  of  oxygen 

I  thniugh  defibrituited  serum,  when  the  albumin  iu  the  latter  is  con- 

I  verUid  into  fibriu.  and  separates  in  tliirty-six  hours  in  small  clots. 

!«mpletely  insoluble  in  cold   water,  in  alcohol,  and  in 

IvUht.     Fibrin  is  ]iTe«eut  in  the  body  in  a  fluid  state.      It  is 

maU  (luantity  in  the  blood  (about  2'55  per  cent), 

Hj'iDiih,  and  ctiyle.     A  variety  of  it,  contained  iu  solid  muscular 

~  ,  )uu   bi*eu  U-rnied  syutouin.      Lehmami  supposes  it   is 

Parmed  in  thr  organimi  from  albumin,  by  the  latter  taking  up 

Koxreen.     Pntil  lately,  fibrin  wa«  aupposed  to  have  the  property 

irf  coMguIatiug  E|)uutaii'Wuitly,  but  recent  reaearchea  by  Ur  Schmidt 

r  Poquit  abow  that  ita  coagulation  is  due  to  the  action  upon  it 

4  MDutlMtr  xubotanue  termed  fibrino-ptastic  substance  or  globulin, 

ft  ptnieiu  mibeliiuot!  nuarly  related  to  albumin.     The  presence  of 

>  biMt«Bi>  the  attion. 

.«.— Coiajwailiou   iu    ItXI    parte— C53-8,H7-0,Nl.'il, 
tS'OjSt   fMoleachott).     Tliese  nnmliera  agree  closely  with  the 
■  of  albumin.  eXQspt  that  less  sulphur  is  present  iucaaein. 
k  ta  dij;litly  soluble  iu  water,  and  it  differs  from  albumin  iu  the 
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Bolution  not  being  coagulable  l>y  heat  It  ia  precipitated  by  all 
acida,  eicept  carbonic  acid,  and  is  rediasolved  in  excess.  It  is 
also  precipitated  by  all  eartby  and  mebJbc  Halts,  alid  by 
potassium  ferrocyanide.  Casein  constitutes  the  chief  ingredient 
in  the  milk  of  the  nuuumnlia.  It  ha«  tiLao  been  fnuud  in  very 
smitll  quantity  in  morbid  bile,  in  the  fluid  of  cellular  tissue,  in 
fleah-juice,  and  in  the  small  intestine  of  the  human  ffetus.  It 
constitutes  the  envelope  which  surroundH  the  globules  of  oil  or 
butter  which  float  in  milk.  Bennet,  which  is  an  infusion  of  the 
mucous  membrane  of  the  fourth  s(«mach  of  young  calves,  readily 
coagulates  casein,  the  cause  of  this  peculiar  at-tion  being  unknown. 
4.  Jfyiwi'n.^Thi.-i  substance  constitutes  tlie  gelatinous  mass 
obtained  by  squeezing  pulverised  flesh  from  which  all  blood  lias 
been  removed.  The  fluid  part  of  muscle,  or  musde-plasma, 
coneists  of  myoein,  or  muscle^lot,  and  muscle-aerum.  MyoHin 
gives  the  usual  lUbuminoid  reactiona.  It  differs  from  btood 
fibrin  in  coagulutiug  in  a  gelatinous  mass, — not  forming  molecular 
fibres,  OS  will  be  described  in  refeniug  to  the  fibrous  elements  of 
the  tissues.  When  myosin  is  dissolved  in  dilute  acid,  it  becomes 
converted  into  another  nearly  allied  sulistance,  tpilnaitt,  Syu- 
tonin  is  insoluble  in  solution  of  sodium  chloride,  but  in  a  ten 
percent,  solution  of  this  salt,  myosin  is  readily  soluble.  Syntonin 
is,  however,  not  a  special  product  of  muscle,  ae  it  may  be  prepared 
by  acting  upon  any  albuminoid  with  hydrochloric  add. 

5.  OlobtUiii  or  Crsitaffin.  —  Composition  in  100  parts— 
CS4-5,H69,Nl6'5,O20-9,Sl'2  (Funke).  This  albuminous  wilv 
stance  is  found  in  the  crystalline  leoa  of  the  eyv,  and,  acci  inting 
to  some  chemists,  in  the  blood  corpuscles.  It  forma  a  yellowiab 
transparent  msas  wlieu  extracted  &om  the  lens  by  ether  and 
alcohol.  It  is  precipitated  hy  all  acids,  including  carbonic  add, 
and  is  rediaaolved  by  passing  a  stream  of  oxygen  through  it. 
According  to  Valenciennes  and  Frdmy,  the  crystallii 
fishes  contains  a  Biibstauce  called  phaconin. 
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The  ALBDMiNoniB  constitute  another  group  of 
nearly  related  to  the  albuminates,  and  no  doubl  derived  from 
them.     They  are  micb  bodies  &»  Gelatin,  Chondrin,  Elastic  stufl'. 
or  Elaatin,  Mucin,  Pyin,  Pepeiu,  and  Pl^^iu. 

I.    (/(i/oli/i.— Compoffltion  in   100  part*— C50S,H7-2,N18-3, 
O  and  B23'6  (Oorup  Beaanee).     It  is  obtuued  by  boiling 
membnmea,  skin,  tendons,  &c.,  or  by  macerating  bone  in 
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hydrochloric  aciiL    When  allowed  to  cool,  it  becomes  a  semi-solid, 

tremulous  jelly,  and  if  allowed  to  dry,  it  beooniea  elastic,  vitreriua, 

brittle,  and  liarit.     It  ia  not  precipitated  by  any  acid  except 

[   taliuic  acid.      Tboiigli  nearly  allied  to  the  protein  compounda,  it 

[   (UfTers  from  them,  ajid  heDC«  it  has  been  found  that  auimale  fed 

iclntiivuly  on  this  substance  die  of  8tarvation,a8  nutritive  blood 

I    cannot  In*  fumied  fnim  it. 

2.  CAuWnVi.— Composition  in  100  parta— C49  5,H71,Nl4  4, 
0  and  8i!8'9  (Gonip  Besanez).  TLis  substaoce  nearly  resembles 
gelatin.  It  may  be  obtained  by  boiling  permanent  cartilage, 
BUcli  OB  tho«e  of  the  ribs  or  larynx.  It  is,  when  dry,  a  homy, 
hard,  diaphanous  substance.  Solutions  of  it  give  a  precipitate 
with  all  adds,  alum,  ahiminium  sulphate,  plumbic  Rcetat«,  and 
I  ferric  sulphate, — thos  difiVring  in  a  remarkable  manner  froic 
L  gvtatin. 

a  lOattin.  —Composition  in  H)0  parts— C')B65,H7-4l,N17-74, 
019-SO  (Tilanus).  This  is  found  in  ordinary  yellow  elastii' 
itc,  of  which  it  forms  the  chemical  basis.  It  contains  no 
aul|>hur.  It  is  quite  insoluble  in  boiling  water,  thus  differing 
from  white  fibrous  tissue,  which  yields  gelatin  on  boiling. 

4.  *uo"«-— t'omiKwition  in  1I»0  parts— C'52-4.H7-0,N12-8, 
037'fi  (Soberer).  Thia  ia  the  must  important  cbeniicul  constitueut 
el  mucus,  ilie  secretion  of  mucoue  membranea  Dilute  acetic 
Mill  and  mintsial  acid  prtiuipitate  it.     Heat  produces  no  cuagu- 

a.    /'yir..— Compoaitiou   in   100  parts— C.''il'e9,H8-64 ,N  15 1)9. 

fl-&8  (tiunip  Beannee).     It  la  a  constituent  of  ptu,  n  patholu- 

,    gic«l  product  tlie  result  of  diseaeed  actions  of  die  animal  body. 

It  memblea  niubiu  in  its  general  cliaracters,  but  differs  in  being 

I   precipitated  by  mercuric  chloride. 

6.   V^iwn.— Coni|K»ition    in    100    parts— C56-7,n5ff,N31l, 
1  (Vogcl).    Tho  active  principle  of  the  giwtric  juice  is  a 
t  which  acts  powerfully  on  all  protein  bodies,  forming 
'fimt  which  have  received  the  name  of  peptones.     It  is 

^^ n  great  purity  by  treating  an  infusion  of  tlie  glandular 

Hlqrtr  of  the  stomach  with  dilute  tribasic  phoaphoric  acid.  Lime 
«Mt«r  in  added,  and  tlie  precipitate  of  calcic  phosphate,  along 
witli  the  pepsin,  is  collected  and  treated  with  dilute  hydrochioriti 
•dd.  Having  been  again  precipitated  by  lime  water,  the  deposit 
i>  diMolvcd  in  dilute  add.  To  this  Hecond  solution,  a  solution 
0^   dlolestrin    is  slowly  added,  and   the   cholestrin,   with   tlie 
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pepsin  entangled  iu  it,  is  treated  with  ether.  Tlie  ether  UU- 
solires  out  the  cholestrin,  ajid  the  remaiQiiig  liquiil  is  filtered. 
The  filtrate  coubiins  the  pepsin,  with  gives  no  precipitate  with 
mineral  itcids,  tAimiii,  or  mercuric  chloride.  Pepsin  is  moat 
iictive  in  a  dilute  acid  eulution  at  the  temperature  of  Uie 
human  body.  It  is  found  in  the  urine,  and  Briiuke  found  it  in 
fleab. 

7.  Pl^in.— This  ulbuiiiinoiiB  aubstaoce  is  the  supposed  fer- 
ment of  the  salivn.  It  contains  sulphur.  According  to  some 
physiologiiskl  chemists,  it  conrerts  sturuh,  glycogen,  &c.,  into 
sugar,  bj'  causing  them  to  combine  with  water.  | 

8.  ProUigan  or  Mydin. — This  substance  is  distautly  Telal«d 
to  the  albuminous  substajiceB  above  described.  It  is  the  chief  ' 
constituent  of  nervous  tieaue,  and  ia  the  parent  of  cerebrin, 
cerebric  acid,  &c  It  may  be  extracted  froin  brain-substance 
by  ether  uiid  alcohol ;  but  it  is  easier  obtained  from  yolk  of  efg 
by  the  same  reagents.  When  purified  and  well  washed,  it  ia  a 
white  substiuice,  crystallisiug  in  a<?iLiiUr  bundles.  Its  com- 
position accordiug  to  Liebreich,  itn  discoverer,  is  C,uH„N| 
POv  Beganling  the  liietological  importance  of  this  substance, 
see  Molecular  elements  of  the  Tissues. 

9.  t^ainoidine. — Another  substance,  named  animal  quinoidine, 
was  discovered  by  Bence  Jonea  and  Duprfi,  in  all  animal  tissuea,    , 
especially  in  the  crystalline  lens.     It  resembles  quinine  b 
chemical  characters  and  optical  properi.ie& 

Albpuinous  Dbrivativbb. — The  albuminous  principlea  above  ] 
dewrribed,  uuilergu  a  diniutegrating  process  in  the  tissues,  and 
the  result  of  this  process  is  the  formation  of  a  number  of  com' 
pounds,  which  are  excreted  from  the  body.     They  are — 

1.  (llgcoehidic   Add.  —  C'uH„NO»      In    combination  with 
sodituu,  this  acid  oxiats  iu  large  quantity  in  the  bilu.    Wheo  ' 
obtained  pure  from  ox  bile,  it  crystallizes  in  bulky  masses  ut 
white  slender  needles.     It  is  not  very  soluble  in  hot  or 
water,  but  is  easily  soluble  in  alcohol  aud  ether.     It  turns  the   j 
plane  of  polaruuition  to  the  right. 

2.  Tay,rocholic  Jni/.— C,H„NSOr      This  acid  exists   i 
sodium  salt  in  the  bile  of  moat  animals,  along  with  glycocholie   I 
add  ;  but  iu  tlie  l>ile  of  the  dog  it  occurs  free  from  tlu-  hitter. 
It  occurs  as  very  fine  silky  neeiilea,  which^  when  exposed  to  t" 
air.  rapidly  change  into  au  aiuorjihous  transparent  oiara. 
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differs  from  glycocholic  by  containing  sulphur,  and  by  being 
ttuUy  soluble  in  water. 

3.  Uric  Acid, — Q^^f)^  This  very  important  acid  occurs  in 
small  proportion  in  the  urine  of  man.  It  is  alwa3rs  to  be  found 
in  the  juices  of  the  spleen,  liver,  lungs,  and  brain.  It  exists  in 
excess  in  gout,  and  in  various  forms  of  bodily  derangement, 
attended  by  the  formation  of  urinary  calculi.  It  may  be  easily 
extracted  from  the  urine  of  serpents,  or  from  guano.  When 
anhydrous,  it  forms  small  white  crystalline  scales,  but  with  a 
little  water  of  crystallization,  it  forms  large  crystals.  It  is  very 
nearly  insoluble  in  water.  When  heated  dry  it  decomposes  into 
hydrocyanic  acid,  cyanuric  acid,  ammonium  cyanate,  urea,  and 
ammonium  carbonate.  Under  the  microscope,  it  presents 
various  crystalline  forms,  as  found  in  urine,  but  they  are 
generally  rhombs  with  the  obtuse  angles  rounded  off,  and 
occasionally  dumb-bell  crystals.  Uric  acid  is  a  product  of  the 
incomplete  oxidation  of  the  tissues.  Its  most  remarkable 
characteristic,  is  the  readiness  with  which  it  is  acted  on  by  all 
oxidising  agents.  In  this  way,  numerous  definite  compounds 
are  produced,  the  chief  being  alloxan,  alloxantin,  allantoin,  and 
murexide.  The  relation  existing  between  these  substances,  will 
be  apparent  on  studying  their  chemical  formula?. 

Uric  acid,    . 

Alloxan, 


Alloxantin, 

Allantoin, 

Murexide, 


C,N4HAH2. 

C4N2HA. 
CN^HA+a  H,0. 

C4N4HA. 


When  uric  acid  is  subjected  to  the  action  of  an  oxidising 
agent,  in  the  presence  of  water,  it  gives  up  two  of  its  atoms  of 
hydrogen  to  the  oxidising  agent,  while  the  remainder,  termed 
dehyduric  acid,  reacts  with  water,  to  form  mesoxalic  acid  and 
urea.     Thus — 

CsN4H40,+Cl,+4  HaO=CsHA+2  CNaH40+2  HCl. 

Uric  acid.  Chlorine.  Water.    Mesoxalic  acid.  Urea.     Ilydrochloric  acid. 

Those  two  atoms  of  urea  are,  however,  formed  at  two  suc- 
cessive stages  of  the  process,  the  first  of  which  result  in  the 
formation  of  alloxan,  and  the  second  in  its  decomposition. 
Thus— 

CVN4H,0,+2  HaO         =        C4N2Ha04    +    CNJH4O. 

IMiyduric  acid.    Water.  Alloxan.  Urea. 

C4N,H,04        +2  H,0  =     C,HA        -f     CN,H40. 

Allozan.  Water.  Mesoxalic  acid.  Urea. 
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By  removing  two  atoms  of  Lydrogen  from  meBOXalic  acid  ' 
or  alloxan,  other  acidH  are  formed.  The  numerouH  bodie* 
wLicfa  have  be«n  in  tlija  manner  obtaiaed  from  uric  acid, 
upwards  of  forty  in  number,  may,  according  to  Odling,* 
who  has  paid  much  attention  \a  this  intricate  subject,  be 
claaaified  into,  1.  Simple  Don-nitrogenous  adds,  such  as  mesoxalie 
acid  1  2.  Bodies  contaiiung  a  residue  of  the  acid,  along  i 
oue  residue  of  urea,  or  mou-ureides,  siich  as  dloxan  ;  and,  3. 
Bodies  coutatuing  a  residue  of  the  acid  plus  two  residues  of 
urea,  or  the  di-ureidea,  such  as  nric  acid.  "  Hydrated  urio 
acid  differs  in  composition  from  two  atoms  of  urea  by  the 
addition  of  three  atoms  of  carl>onic  oxide  CO,  cajiabie  of  oicidai- 
tioD  into  carbonic  anhydride  CO^  and  by  that  oxidation  of 
generating  a  certain  amount  of  heat,  or  its  equivalent  of  motion. 
2  H,0  +    C,N.H,0,  +  0,=  3  CO,    2  CN,H/3* 

Water.  Uric  ncliL       OxjgBtj.  CKfhonlo         Un*. 

inlijdrlrle. 

"  Hence  uric  acid  must  be  coaaidered  to  reaidt  from  an 
incomplete  oxidation  of  tutrogenous  Cigsue,  whereby,  in  addition 
to  urea,  carbonic  oxide  is  produced,  instead  of  carbonic  anhy- 
dride." Eeptilea,  whose  motious  are  sluggiuh  and  temperature  ' 
slow,  excrete  carbonic  oxide  in  the  form  of  uric  acid,  or  urate  of 
ammonia  ;  while  mammala  excrete  perfectly  burned  carbonic 
anhytbide.  In  t4)c  urine,  uric  add  is  found  in  combination  with 
ammonium  and  sodium.  For  crystals  of  uric  acid  and  v 
urates,  see   Plate   1.,  figa,   1,   2,  3,  and  4,  and   descriptio: 

4.  Veta.     COH,N»— This  sHbstance  is  found  ii 
all  mammals,  especially  in  that  of  flesh  eaters.    Tt  is  also  found 
in  smaller  quantity  in  the  urine  of  birds  and  reptiles,  and  in  the 
renal  secretion   of  some   animals  of  the  lower  orders.      In  a 
state  of  health,  it  exists  in  very  minute  qiuujtity  in  the  blood 
of  man  and  of  other  animaln,  aud  it  occurs  occasionally  ii 
perspiration,  in   the   amniotic   fluid,  and  even  in   the   tissues.   J 
About  30  per  cent  ofthesolid  nuitterof  the  vitreous  hut 
the  eye  consists  of  urea.  Couaiderodchemically.itieisomericwith  J 
anuoouiumcyannte{CNNH,O)andwithcttrbamide{N,(00)"flJ,  ! 
and  it  may  be  formed  spoDtaneoiisly  by  the  transposition  of  the  i 
molecules  of  the  formi^r  substance.    The  ammoniacal  odour  lA  I 
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decompnaiitg'  urine  is  due  to  carbonate  of  nminonia,  produced  by 
tliu  combination  of  water  with  urea,  thus  ;— 

COH.Nj    +    2H,0    =    (NHJ,  CWa 


Urea    is  formed   aa    k    product    of    the    decum position    o£ 

laaiijr  couiplei  organic  substances  such   na   crcatin,  uric  aciit, 

allontoin,  &c      Its  presence  in  the  body  in  due  to  the  trans- 

funnktioti  of  the  tissuea  uuder  the  influence  of  the  oxygen  of 

tb«  «ir  abeorbed  in  the  lungs,  and  it  ia  the  lust  term  iu  the 

aeries  of  the  retrograde  metamorphoBBS.    When  obtained  pure, 

MTVA  iiHuoUy  crystoUiEes  in  long  flat  prisms  without  terminal 

f»ce8,  but  io  certain  circumatiuicea  it  forms  quadratic  prisms 

terminated  by  octaliedral  faces.     It  tastes  like  saltpetre,  disBOlves 

in  its  own  weight  of  cold  water,  veiy  readily  in  hot  water,  eaaily 

ia  ftlcoliol,  but  ill  nearly  iuMiluble  in  ether.     Urea  forms  three 

aets  of  c>:imj>ouDda  :    1,  with  acids  ;  3,  with  oxides  and  saJta  ; 

utd  3,  various  substitution  derivatives  called  compound  ureas. 

Tlw  nuMt  dumtcteristic  salt  is  the  nitmte  (COH^pHNO,)  which 

appeftra  even  in  dilute  solutions  uf  urea,  on  the  addition  of  a 

drop  of  uitric  acid,  in  Uie  form  of  rhombic  or  hexagonal  plates, 

tbe  •cul«  angle  of  which,  na  measured  by  the  goniometer  ^  H2°, 

.    Tbe  a|rpearauce  of  this  salt  affords  an  excellent  test  for  detecting 

the  presence  of  urea  iu  any  ttiiid.     The  moat  important  compound 

Ik  with  a  Halt  is  with  mercuric  nitrate,  and  Liebig's  process 

[  fnr  the  voltunetric  estimation  of  urea  ia  baaed  on  the  precipita- 

I  bllHy  of  area  by  merL-uric  nitrate,  funning  a  compound,  the  com- 

I  fCMtiaa  of  which  is  repreaented  by  the  formula  COB,N]  S  HgO. 

h.  Uipimric  And.     cyi,NO,  {PL  L  fig.  S).— This  acid  exists 

in   f«ry  aniall  iiuantity  m  the  urine  of  man.  but  it  is  found 

"u  tliat  of  herbivorous  aniiuals.    According  to  DrBence 

«■,  thv  urine  of  a  healthy  man  contAins  from  0.i)3  to  0.04  per 

L  of  lUia  subetiiuce.     When  beuxdc  acid  is  Liken  iutetiially, 

B  lu{]fiuric  acid  apeeiiily  appears  ia  the  urine.     Tliia  acid  forms 

■  flolaarlen  tnuiB|iiireut  prisma,  oft^n  of  considemhle  size. 

8.  /w»««i>  Arid.  C\H,NA  (0— It  is  doubtful  whether  this 
B*ail(  Aral  iwilalvd  by  Liehig,  really  exists  aa  such  in  the  body, 
llwt  it  (•  nndiiulitedly  one  of  the  derivatives  of  tbe  albiiminons 
It  w»»  founil  iu  the  mother  liquor  of  tint  preparation 
B  from  fleah-juice,  and  npptared  as  au  un-  cryatttllisable 
tf  Itty  eolubje  iu  water,  and  huving  a  Bavour  of  broth. 
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7.  Xanlhin  or  Santhie  0.cidt.  C.H.N.tt— TJiis  ^^7  occim 
in  a  HpecieB  of  iiriimry  calcuiuB,  and,  according  to  Scherer, 
it  is  a  DonniU  couBtituent  of  tLe  humnn  body.  It  differs  from 
aric  acid  onlj  bj  uue  atom  of  nxygeu,  uric  ncid  having  Ok 
while  xautliic  oxide  contftiiui  only  O^  It  may  be  pre{iarcd  arti~ 
ficially  from  uric  add,  froui  guoniii,  frora  miiscnlar  tiesh,  and 
from  urine.  It  ia  a  white  scaly  substance,  nearly  insoluble  ii 
water,  and  inaolnble  in  alcohol  and  ether, 

8.  Hyposantkin  or  Sarcin.  C,H,N,0. — This  substance 
weak  orgajiic  hsaf,  existing  in  muBcIe-juice,  and  only  id  smalT 
qnantity.  A  aubstauce  very  similar  to  it  has  been  found  in  human 
urine,  but  chemists  are  utit  SigTeed  whether  tliis  siilntance  is 
reaUy  sarcin  or  guanin.  It  is  obtained  from  the  mother  liquor  in 
the  preparation  of  creatin,  and  ia  a  wliite  crystulline  pmrder. 

9.  CyaiA  or  Critic  Oxide.  C,NH,SO»— (PL  I.  fig,  6.}— 
This  organic  base  ia  found  in  a  very  rare  form  of  urinary  calcu- 
lus occurring  in  men  and  dogs,  and  when  separated,  is  seen  to  be 
a  yellowish,  shining,  confusedly  crystaUine  snbirtance,  ttsteleaa, 
neutral,  bsoluble  in  alcohol  anA  water.  It  is  remarkable  ita, 
containing  sulphur. 

10.  Tajirin.     C,HiNSO,  (PL  I.  fig,  7  a).— This  remarkable 
Bubetance  was  first  obtained  from  oxbile  aud  hence 
from  taunu,  a  bull      It  results  from  the  tranaf< 
taarocholii;  acid  under  the  inQuence  of  acids  and  alkaliei 

C,H„NSO;-j-HjO=C,H,N30.4-C*H^. 

TlMCUdioUi:  ncIlL  WtMr.  TUirlo.  ChoUould. 
Fresh  bile  ia  clarified  from  muuus  by  the  addition  of 
and  filtered  ;  boiled  with  hyilrochloric  acid ;  the  decanted  liqi 
eva|K}rated  nearly  to  drj^eas  on  the  water  bath,  and  the  mother" 
liquor  extracted  with  alcohol  The  liquid  on  cooling,  yield* 
tauriu  in  the  form  of  six-aided  prisms,  terminates!  by  four 
and  six-sided  pynunida  like  those  of  common  quartz.  It  baa 
a  cool  taat9,  is  soluble  in  water,  but  insoluble  in  alcohol  and 
ether.  It  is  remarkable  for  contaiuing  more  than  S&  per  cent, 
of  sulphur.  When  burned,  ftunes  of  sulphurous  anhydride  ore 
evolved.  Tauriu  is  nearly  related  to  iiithionnte  of  mnmoainm, 
one  molecule  of  thia  aiibstance,  minos  a  molecule  of  water,  yield* 
ing  a  molecule  of  taurio.  It  is  never  found  in  the  free  slate  in 
Itealthy  bile,  or  in  any  other  aecretion. 

11.  AUantoin.     C.H^,Of— (PI.   I.  Fig.  8.)— This  Biibsl 
ig  one  of  the  derivatives  of  uric  add,  and  may  be  artificially 
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pArrd  fram  it  It  exisU  in  the  amniotic  aiitl  nlkntoic  fluida,  tuid 
when  iaolalcd,  is  foand  to  present  the  form  of  Hhining  colourless 
priMua,  very  soluble  in  water,  and  alflo  in  alcohol. 

12.  Tyrotin.  C,Hi,NO,  (PI.  I.  fig.  9).— Thig  miljelauce  occum 
ivaily  formed,  and  always  accompoiiied  by  teiicin,  in  the  liver  and 
bdnod  uf  the  hvjutic  vein  in  certain  stales  of  livcr-disoFder ;  and 
it  has  also  liecui  iliMcoviirod  in  the  spleen  and  paucreaa.  Occa- 
uutially  il  is  found  in  the  urine,  and  it  may  result  from  the 
decunipaition  of  any  aiLuminotd  substance  under  the  action  of 
acids,  alludies,  or  putrefactive  changes.  Artificially,  it  has  been 
|>rT|uml  from  casein,  from  horn,  and  from  cochineaL  It 
crystaJ lines  from  af|ueoua  solutions  in  stellate  groiifia  of  long 
■Inider  needles,  having  a  beautiful  silky  lustre,  soluble  in  water, 
in  jJonhol,  but  not  in  ether.  It  farms  definite  compounds  wiUi 
acids  aiul  alkalies,  and  there  are  several  derivatives  of  more 
Uit«nat  to  the  chemixt  than  to  the  physiologist. 

la  iwflrin.  C4IuN0,{PI.  I.  fig.  10).— First  diswvered  in  old 
inmt,  leudn  has  since  been  found,  associated  with  tyrosin,  in  the 
Uver  ill  certain  forms  of  disease  of  that  organ.  It  lilso  occurs  in 
I  tlw  luDg-tiasue,  in  the  thyroid  and  thymus  glands,  and  especially 
J  tn  Ihc  pkncreas.  It  may  be  obtained  by  the  ttctiiiu  of  sidphuHc 
I  add  npun  gelatin,  muscular  flesh,  legumin,  wool,  white  i^  egg, 
ft  bom,  Jbc;  and  wlivu  purified,  it  jireaents  the  apjicarance  of  soft 
1  Bacnvius  Males,  somewhat  resembling  cholestrin.  When  found 
Ibi  arinc,  it  fomis  yellow-coloured  balls.  (See  PI.  I.  fig.  10.) 
1  sparingly  soluble  in  cold,  but  readily  in  hot  water; 
1  ali.v)hol,  and  lusoluble  in  etiier.  It  funus  definite 
wnds  with  acids  and  bases. 

T  GIjicomL   CHiNO,— Tliis  substance  is  Bonie- 
li  augar  of  gelatin,  on  account  of  its  KWeetish  taste. 
I  produced   by  the  action  of  caustic  alkalies  on 
Mt.     Il  eiisla  in  glycocbolic  add,  ooe  of  the  bile 
1^  «liich,  "hen  acted  on  by  an  alkali,  ia  resolved  into  glycocin 
•nd  cbcJic  aoiil. 

C,3«N0.  +  H,0  =  C,H.NO,  +  C„H«fl. 

Ol7n>abi>Ha  iclil.     Wiler.  Glj-doda.        CbnllfudiJ. 

Il    a»y   ai»o  be  obtained  from  hippuric  acid.      It  crystallisea 

R»d3y  in  flattened  |iri)im«  or  aggregated  plates.    It  is  sparingly 

I  tnliiWw  in  watid-,  slightly  sulnbk  in  hydrat«d  alcohol,  insoluble 

n  dlter.    1(  diflera  from  taurin  in  being  sweet  instead  of  bitter, 

g  any  sulphur. 
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15,  Crtatin.  C.H^A  {PL  I-  %■  11).— Thia  important  Bub- 
stance  is  nearlr  allied  to  creatinin,  diffeiiug  from  it  only  by  tlie 
elements  of  water.  It  hiu  xkA.  yet  been  settled  TCbetber  or  nut 
creatin,  as  sach,  exists  in  the  body,  or  whether  it  results  from  the 
decomposition  of  creiitiuin  in  the  proceas  of  prepiiration.  These 
two  suhstaaces  may  be  easily  converted  one  into  the  other,  the 
lurtion  of  acids  chan^ng  croatin  into  creatiiiin,  while  the  action 
of  alkalies,  creatinin  into  cnvatin.  Liebig  and  Dessaigues  are 
both  of  opinion  that  the  creatin  of  muscular  flesh  is  produced 
by  the  decomposition  of  creatinin.  It  has  iKtm  fouud  in  the 
urine,  in  the  blood,  and,  by  Stadelur,  in  the  brains  of  pigeons  and 
dogs.  It  may  be  prepared  by  making  an  aqueous  extnu^t  of 
beef,  evajKirating  in  vacuo,  exhaiiating  the  residue  with  alcohol, 
and  the  alcohol  eiJajwrated  till  the  creatin  crystallises  out. 
Anhydrous  creatin  is  an  opaque  whil«  mass,  inodorous,  some- 
what bitter,  neutral  The  hydrate  of  CKatin  is  in  the  form  of 
clear  prisma  It  is  soluble  in  water  and  alcohol,  but  not  in 
ether.  Accordiug  to  Btrecker,  creatin  may  be  regarded  chemically 
Ma  compound  of  cjranamide  (i. «., urea  miniu  water)  and  aarcosin. 
It  is  II  very  weak  base. 

16.  Cnalinm.  C3,N.O  (PL  I.  fig.  12).— Thissubstanceeiists 
in  the  urine  to  the  amount  of  0-5  per  cent.,  in  muscular  flesh,  and 
in  blno<L  It  may  bo  extracted  from  .iny  of  these  substances,  and 
also  by  the  action  of  strong  mineral  acids  on  creatin.  It  occurs 
in  Uie  form  of  colourless  prisms.  It  tinges  reddened  litmus  paper 
blue,  and  is  soluble  in  water  and  in  alcohol. 


2.  Thk  Fatty  Principles  a 


The  fatty  principles  are  divided  into.  I.  True  fata  ;  2.  Am^i 
loid  substances  and  sngars  ;  and,  3.  Acids  related  to  sngnr. 

I.  Tbub  Fats. — The  term  fat  was  originally  applied  U 
Biibatonces  containing  carbon,  hydrogen,  and  a  small  amount  of 
oxygen,  which  form  oily  liquids  or  greaay solids,  leave  a  permanent 
stain  on  paper,  bum  with  a  bright  flame  with  little  ot 
insoluble  in  water,  but  soluble  in  alcohol  and  ether.    The  !»< 
searches  of  Chevreul,*  however,  shewed  that  fatty  substances  mj^ 
be  subdivided  inti)  (I)  nou-aaponifiable  fats;   (2) 
fats  ;  and  (3)  fatty  acids  or  soap  acids.     He  slicwed  that 
•  Cbenoul,  "  OctherKlim  mr  Ics  curiB  iftM  d'utlglur  nulmnJe.-    Paiii,  IBH 


I 
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h\»  fihe  nou-aapoiiiiinhlu)  undergo  no  change  when  boiled  witli 
«lkiUi^  wliile  otbera  (the  aapouiiiBbleJ  formed  aoajis  whun 
tnaUKl  with  aqueouB  alkaliiM  or  with  ivrbiin  heavy  metallit: 
oxiiies.  The  fiimialiou  of  a  soap  when  a  aiponifiable  fat  U 
treated  with  oil  lUkoli  or  metolliu  oxiUe  is  called  saponiiicatioii 
aud  cutuists  of  the  rewlutiou  of  the  fat  into  two  products,  viz., 
First,  a  fatty  acid  which  combines  with  the  alkali  and  fotniB  the 
•cap  ;  4Uid,  aecoodl;,  almost  inviuiably,  the  subiitjince  called 
gl/uwin,  n  sweetish,  clear,  transparent  fluid.  TbtiRe  researchea 
have  nnce  been  ctinlirmed  and  extended  by  those  of  Berthelot.* 
A  fat  is  a  body  of  the  type  of  three  atouix  uf  water  condensed 
to  one,  thns — 

id  which  three  of  the  atoms  of  hydrogen  are  replaced  by  the 
trafomjc  ntdide  glyceryl,  and  three  others  by  three  atuins  of  any 

.   blljr  acid  radicle.     Tristearin,  for  example,  a  fat  aboimdiiig  in 

I    beef  and  mutton  «uut,  luis  this  fonnula — 


3  moofttomic  atoms  of  stearyl 
1  triatomic  atom  of  glyceiyl 
Tht    i 


I  (CuH«0)  (  "^ 


xSaponifiatilf  FitU  are  cholestrin  and  seroliii. 
^  Thta^  eubetoucM  remain  ]ierfectly  unaltered  after  prolonged  boil- 
L  ing  witfi  solution  of  caustic  potash  <KEO]. 

(o)  Cho/atrin.  C«H,0  (PI.  I.  fig.  13).— This  fatty  subaUuite 
a  conatituteM  Dearly  the  entire  bulk  of  human  gaU  stoneH. 
lit  iLubeen  foiiml  in  tlie  bile,  in  Ibe  blood,  in  the  brain,  in  the 
Ejoke  of  C|gg,  uul  in  certain  morbid  products  of  the  human  body. 
Bit  b  raadily  prepared  by  crystjiUising  pulverised  bUifuy  calculi 
n  builiug  alcohol  It  ie  white,  Inodorous,  tasteless,  insoluble 
I  ill  walor,  readily  aolnble  in  hot  alcohol,  from  which  it  is  deposited 
I  in  t)eaulkful  soft  nacreous  laminae.  It  forms  compound  ethers 
a  hotted  with  acetic,  butyric  or  stearic  acidn,  shewing  that 
'  ll  partftlten  of  the  nature  of  an  alcohol. 

(t)  iS«rerf>rt.— Boudet  gave  this  name  to  a  fat  which  he  iib- 

(WDvd  hy  the  action  of  ether  upon  dried  blood  serum.      It  is, 

■emnUng  to  thin  chemist,  aniorphuus,  but  Verdeit  and  Marcet 

I   41*1*  tliat  it  cryHlalUoes  in  uacreoua  Inmiiue.     Some   chemista 

DhIM,  "  Chnnlo  ais>nlque  lumUs  KIT  1*  irjnthiss." 
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connder  thin  Mibatajice  to  be  merely  a,  mixture  of  several  fatii 
of  (lilTerent  melting  points. 

2.  The  iSaponiJiable  FaU  are  very  unmcrouB,  but  the  moat 
important  are  Btearin,  margarin,  aud  olein.  When  boiled  with 
an  alknli  they  lire  decomposed  iuto  an  acid  which,  uniting  with 
the  aJk.-ili,  forms  a  fioap,  glywriD  being  aet  free  and  rising  to  the 
surface.  Considered  chemically,  they  are  the  compound  ethers 
of  the  triatomic  alcohol  glycerin,  hence  they  have  received  the 
name  of  glycerides. 

a.  Stearin  is  a  white  crystalliwible  fat  (Plate  I.  fig.  14),  con- 
stituting the  chief  part  of  fiit,  soluble  in  about  seven  times  its 
weight  of  boiling  alcohol,  and  much  more  freely  in  hot  ether. 
It  exists  in  three  modifications,  differing  from  each  other  in  the 
fusing  point      These  are  t«rmed  monostcarin,  distearin,  and 

They  are  ethers  formed  from  glycerin,  by  the  re- 

of  one,  two,  or  the  whole  of  the  atoms  of  the  typical 

,  by  the  monatomic  radicle  st«aryl  (CisH^O.) 

(C=H,)    )  (C,H,)      1  J 

a,    ,  H       )  t  ■ 

Among  the  numerous  decompositions  of  stearin,  the  most  in-  " 
teresting,  from  a  physiological  point  of  view,  ia  tlial  diacovered 
by  Bernard,  namely,  that  stearin,  mixed  with  pancreatic  juice, 
yields  an  emulsion  in  which  all  the  stearin  is  resolved  into  stearic 
acid  and  glycerin. 

b.  M<irganH.    Cj,H,„0,  (Plate  1.  fig.  IB).— This  suhstanMl 
uoDatitutes  one  of  the  solid  ingredients  of  human  fat     Whea  | 
extracted  by  boiling  alcohol,  it  crystallises  in  pearly  scales  or    I 
dusters  formed  of  needles,  'which  are  fusible  at  about  47°  C. 
Various  chemists  have  iaolate<I  from  fat  a  substance  resembling 
this,  and  it  ia  now  generally  believed  that  margarin  is  not  a 
simple  fat,  but  a  mixture  of  palmitic  anil  stearic  acids.    No 
ethers  corresponding  to  the   stearic  ethers,  already  mentioned, 
have  yet  been  obtained. 

c  Olan. — Pure  olein  is  colourless,  and  is  a  fluid  even  at  freez- 
ing poiut  When  exposed  to  the  air,  it  is  roseuoid  in  ap)>eunuice. 
Chevreul  prepared  it  by  boiling  human  fat  in  a  flask,  filtering 
after  leaving  the  solution  for  tweutj-four  hours,  concentrating, 
adiling  water,  which  separates  the  olein,  exposing  the  product  to 
cold,  and  se|iarating  the  liquid  from  the  solid  portion  by  pressure. 
Hesenibling  stearin,  it  occurs  in  three  modifications,  which  are 
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ethen  of  gljoerio,  in  -which  one  or  more  of  the  tjpical  atoms  of 
hydiogen  are  replaced  hj  the  radicle  oleyl  (CigH^^)  as  follows: — 


S{c!So)    [O,        3(C„fe^)!o, 


H,    ) 


3.  Tkt  Fatty  Add*. — These  bodiea  are  obtained  chiefly  by  the 
sapofificatioa  of  Baponifiable  fata.  Tbey  combine  with  basea 
to  form  salts,  and  may  be  separated  therefrom  ia  their  original 
state  by  stronger  acids.  Stearic  and  palmitic  acids  may  be 
taken  as  the  type  of  one  series  of  the  fatty  acids  in  which  the 
geneial  formula  is  CpH^O^  ;  oleic  acid  ia  the  type  of  a  second 
■eries,  the  general  formula  of  which  ia  C^S^a-^r  -^  third 
aeries,  having  the  general  formula,  G^^t-fit,  may  be  obtained 
by  the  oxidation  of  the  two  preceding  groups— oxalic  acid 
being  an  example.  The  following  is  a  list  of  these  fatty  acids, 
arranged  in  the  three  groups  just  indicated; — 


Sttaric  Aeid  Group. 

(Rfic  Add  Group. 

OxidlcAcidQrtmp. 

C.H^O. 

c.n^o, 

C„H^O. 

Formic     .    C  H,Oj 

OiaUe .     0,  H,  0, 

Acetic.     .     C,il,0, 

Malouic   CjH,0« 

Propionic     C,  H,  0, 

Acrylic  .    C3  Hj  0, 

Succinic  C.  H.  0. 

Bntyric     .     C,  H.O, 

Lipic  .    CjH,Ot 
Adipic     C,  B,„04 

Viilerip     .    CsH,„0, 

Angelic.    C.HsOj 

Caproic     .     Cg  BuO, 

Pimelic    C,  HuO. 

(EnanthyUc  C,  B„0, 

Suberic     0,  B,,0, 

Caprytic  .    C.  H^, 

Anchoic  0=H,,0, 

Sebaic.    CkiH,bO, 

Bntic*^     .     C,.H„0, 
lauric .    .     C„^;0, 

MjTistic  .    C.ro. 

pimitic   .     C«HmO, 

PhysetoleicCiaH^O, 

Stearic      .     C„B^O, 

Oleic      .    C„H„0, 

Amchidic.     C^H^O, 

Cerotic     .    CbBmO, 

uai»ic  .  c»e„o. 

o,  Tht  Sitaric  Seria  0/ Fatti)  AddM. 
I.  Formic  ociy— CH^O,— has  been  found  in  the  blood,  i 


22  FATTY  PRINCIPLES. 

urine,  in  the  fluid  of  the  spleen,  in  muscle-juice,  and  in  theper^l 
Bplmtion. 

2.  Ac^ic  add — CjH^Oj — probably  eiista  in  seven!  o(  the  ani-. 
mill  secretions,  bat  it  uBually  remiltB  from  the  deoorapoBitii 
oxidation  of  organic  bodies. 

3.  BwlgTic  acwf—C^HjO,— is  found  in  perepi ration,  in  muBolo- 
jiiice,  and,  in  combination  with  glycerin,  in  butter.  W1ub< 
butter  becomes  rancid,  it  haa  a.  peculiar  odo«r,  produced  by  ftM 
butyric  acid.     It  ia  a  pure,  colourlesa,  trausparent  liquid. 

4.  ViUtric  acid — C^HmOj— iaa  frequent  product  of  the  oxida- 
tion of  fats,  and  of  the  putrefaction  of  albuminous  subfltancea. 

0.  Caproie  (CgHuOj),  Caprylic  (CaH„Oj).  «id  Rulic  (C,oH„0^ 
aeuU  exist  in  butt«r  in  combination  with  glycerin. 

6.  Palmitia  acid — CjgH^j^j — is  univereally  diBtribut«d 
fat8  of  the  animal  kingdom,  and  has  been  obtained  by  Chevreuti 
by  the  saponification  of  human  fat. 

7.  Stearic  acid—Ci^^f—vi  the  most  important  of  the  fat 
acids  of  the  group  to  which  it  gives  its  name.  It  was  discovered 
by  Clievreul  aa  a  constituent  of  the  solid  fat«,  especially  in  beef 
and  mntton  suet,  but  it  is  also  to  be  found  in  butt«r,  in  human 
fat,  in  the  fat  of  the  goose,  serpents,  &c  It  may  be  prepared  by 
the  saponification  with  sodii-ley  of  beef  or  mutton  suet,  derom> 
posing  the  soap  with  water  and  dilute  sulphuric  acid,  and  dj<-i 
solving  the  acid  in  hot  alcohol.  When  allowed  to  cryatjt!li«»' 
from  BUch  a  solution,  it  falls  as  nacreous  laminie 
tast«lesa,  inodorous,  and  is  distiuctly  acid.  It  forms  sl«arate* 
with  bases,  substitution  compounds  with  chlorine  luid  bromine, 
and  a  series  of  ethers. 

8.  Propionic,  (Enanthglic,  Pdargonie,  Lam'is,  iiyrittie,  ArUf' 
ehidie,  Ctrotie,  and  Mdiisic  acidi  have  never  been  found 
human  body. 

b.  Tht  Oleic  Seria  of  Fatty  Acids. 
Oleic  acid — Ci,E},0, — is  the  most  important  member  of  this 
series.  It  is  difficult  to  isolate  it  owing  to  its  tendency  to  com- 
bine with  oxygen.  It  ia  obtained  by  saponifying  the  non-drying 
oils,  such  as  almond  oil,  and  solid  fats.  It  erystaUises  from  an 
alcoholic  solution  iu  doxxliug  white  ut«dles. 

c.  Tit  Oxtiiie  Acid  Sa-ie». 
Oxalic  acid  forms  the  lowest,  and  sebaic  acid  tlie  litghei 
of  this  group. 


tks   ^^ 
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1.  Oxalic  add — CjHjO^ — in  combination  with  calcium  as  cal- 
cium oxalate  (CaC204),  is  often  found  in  the  urine,  in  urinary 
deposits,  and  calcidi,  in  the  allantoic  fluid,  and  in  the  mucus  of 
the  gall  bladder.  It  occurs  in  the  form  of  square-based,  octa- 
hedral crystals,  and  occasionally  in  the  form  of  dumb-bells. 
(Plate  I.  fig.  17.)  Kecent  researches  have  shewn  that  oxalic 
acid  is  nearly  related,  in  chemical  constitution,  to  many  of  the 
derivatives  of  uric  acid  already  noticed.  Many  of  these  bodies 
may  be  regarded  as  amides  (or  ammonia  substitution  compounds) 
of  oxalic  acid — being  derived  from  two  or  more  molecules  of 
oxalic  acid  by  addition  of  ammonia  and  abstraction  of  water. 
As  these  processes  may  indicate  what  takes  place  in  the  living 
body,  a  few  examples  are  here  given. 

2C2H2O4  -f  2NH3  —  4H2O  =  C4H2N2O4 

Oxalic  acid.    Ammonia.        Water.  Alloxan. 

On  introducing  a  molecule  of  another  acid,  we  have  decom- 
positions like  the  following: — 

C2H2O4  -f  CO2  -f  2NH3  —  3H2O  =  C3H2N2O3 

Oxalic  acid.  Carbonic.  Ammonia.    Water.    Parabanic  acid. 
Anhydride. 

2C2H2O4  +  CH2O2  -h  4NH3  —  7H2O  =  C,H4N403 

Oxalic  acid.      Formic  acid.    Ammonia.    Water.         Uric  acid. 

C2H2O4  -f  CHjOa  +  CO2  -f  4NHs  —  5H2O  =  C4HeN403 

Oxalic  acid.  Formic  acid.  Carbonic.  Ammonia.     Water.         Allantoin. 

Anhydride. 

2.  Adipic  acid  has  been  prepared  by  the  action  of  nitric  acid 
upon  suet  None  of  the  other  acids  of  this  series  have  been 
found  in  the  human  body. 

The  fatty  acids  are  physiologically  important,  Ist,  On  account 
of  their  adhesive  affinities  ;  2d,  by  developing  heat  in  conse- 
quence of  their  property  of  oxidising  at  a  low  temperature, 
forming  carbonic  acid  and  water,  which,  if  too  abundant,  are 
readily  removed  from  the  system  ;  and,  3d,  by  their  power  of 
conducting  heat.  Although  we  daily  consume  a  large  amount 
of  these  acids,  yet  they  are  not  excreted  as  such,  nor  do  they 
form  fata 

Glycerin.  CgHgOs. — This  is  the  other  substance  which  is 
produced  in  the  process  of  saponification.  It  does  not  exist 
ready  formed  in  fats,  but  is  produced  from  them,  together  with 
a  fatty 'acid,  by  addition  of  the  elements  of  water.  Glycerin 
is  really  a  triatomic  alcohol,  and  bears  the  same  relation  to  the 
fats,  stearin  and  olein,  &c.,  as  alcohol  bears  to  the  compound 
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ethers,  one,  two,  or  three  of  the  atoms  of  hydrogeu  being  r 
pLiceable  by  ucid  taclicles,  prodnciug  fatty  or  oily  compouuda. 
It  IB  an  nncrystalliaable,  syrupy  liquid, — colourless,  iuodoroui, 
Bweet,  neutral.     It  dissolves  in  wat^r,  in  idcohul,  and  in  ckloro-    j 
form,  but  not  in  ether. 

Oriqih  or  FAT.— The  origin  of  fot  iu  aiiimal  bodies  hsB  given   j 
riue  to  considerable  diacuaaion.     Ist,  It  may  enter  the  body  rendy   j 
formed  in  the  food,  whether  ojiimul  or  vegetable  ;  2d,  Aiiinmlii 
seem  to  have  the  power  of  tranflforming  various  substADees  into ,  | 
tat     Geese  fed  on  grain  become  fat,  bees  form  wax,  a  speeiea 
fat,  from  flowers.     Thus,  saya  Liebig,  the  herbs  and  roots  con-   I 
sumed  by  the  cow  MiDtain  do  butt«r  ;  in  the  hay  and  fodder  ot  I 
oxen,  no  Iwuf-suet  exists ;  mid  uo  hog's  liird  can  be  found  ii 
poUtues  given  to  swine.     The  mosses  of  fat  found  in  the  bodies 
of  theee  animals  are  formed  va  their  oi^nism,  and  this,  accord- 
ing to  Liebig,  takea  place  by  uon-nitrogenous  substances  yielding 
up  their  oxygen.      Dumas,  however,  states  that  the  Indian  I'oi 
or  maize  on  which  a  goose  is  fed  contains  9  per  cent,  of  fat,  ai 
on  calculating  the  quantity  consumed,  he  found  more  taX  in 
than  was  sufBcient  to  explain  the  increased  weight  of  the  gooae.  ' 
These  conclusions  were  confirmed  by  the  careful  and  extensive   I 
observations  of  Bouaaiugault.     Liebig,  however,  to  support  hii    i 
position,  made  several  very  ingenious  experiments  upon  swine. 
He  says  that  three  pigs,  to  be  fattened  in  thirteen  weeks,  require    ' 
1000  lba.ot  pease,  and  6823  lbs.  of  boiled  potatoes.    Thesecoi      '      ' 
together  26  Iba-of  fat.— 21  lb.  in  the  peaae.and  5  lb,  in  the  potatoes 
One  fattened  pig  gives  on  an  a.verage  50  to  5Q  lbs.  of  fat ;  that  ia, 
the  three  tiigether,  150  to  165  lbs.     Each  aJiimal,  before  being 
fattened,  contains,  ou  an  average,  18  lbs.  of  fat ;  that  is,  54  Iha. 
for  the  three.     If  to  these  54  lbs.  we  add  26  lbs-  from  the  food, 
we  get  l^>  lbs ;  and  if  we  sulistract  these  from  150  lbs.  to  165  Iba,, 
there  is  a  reuuunder  of   TU    to  85  lbs.   of  fat  produced  from    , 
the  starch,  &c.,  contained  in  the  food.     These  experiments  have   J 
been  coufirmeil  by  the  more  recent  researches  of  Messrs  I^wM 
and  Gilbert,*  who  found  that,  iu  fattening  pigs,  for  every  100 
parts  of  fat  In  the  food,  the  imimahi  stored  up  from  400  to  450 
ports  of  fat  iu  thc>ir  bodies.     The  origin  of  fat,  therefore,  iu  the 
living  body  is  threefold, — Ist,  It  is  derived  ready  formed  from 
plants  :  2d,  It  is  formed  in   the  alisence  of  oxygen,  or  where 
*  Uwa uhI uutwn.   nttMBi*.Tniu.\iiiia.f.t.a.  | 
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oxygen  is  deficient,  by  the  deoxidation  of  starch,  ^^^n,  and 
sagar,  which  thus  supplies  the  oxygen  wanted;  and,  3d,  By 
decomposition  of  the  albuminous  compounds,  the  actual  character 
of  which  is  not  yet  clearly  ascertained. 

2.  Amyloid  Substances  and  Sugars. — The  non-nitrogenous 
substances  which,  by  yielding  up  oxygen,  become  transformed 
into  fatty  compounds,  or  are  nearly  related  in  chemical  com- 
position to  fatty  compounds,  are  as  follows : — Glycogen,  starch, 
and  the  different  varieties  of  sugar. 

1.  Glycogen,  CgHioOj.  —  Animal  starch,  animal  dextrin, 
hepatin.  This  substance,  isomeric  with  starch,  occurs  in  the 
liver  and  in  the  placenta,  and  is  believed  to  enter  largely  into 
the  composition  of  the  tissues  of  the  embryo.  It  occurs  in  three 
forms,  of  which  one,  of  the  formula  C^HioOg,  is  powdery,  two 
others,  Q^^jd^  and  C8H14O7,  are  gummy.  It  is  easily  prepared 
by  making  a  decoction  of  fresh  liver,  filtering,  and  precipitating 
the  filtrate  with  alcohol  of  38  to  40  per  cent.  When  dried,  it  is 
a  white,  mealy  powder,  neutral,  inodorous,  and  tastes  like  starch. 
It  polarizes  to  the  right  four  times  more  intensely  than  dextrose 
sugar.  Iodine  colours  it  violet  or  bright  brown-red,  seldom 
pure  blue.  All  re-agents  which  transform  starch  into  sugar 
similarly  affect  glycogen,  and  the  sugar  so  produced  is  identical 
with  grape  sugar.  The  ferments  of  the  saliva,  liver,  and  pancreas 
readily  effect  this  transformation.  The  important  physiological 
relations  of  this  substance,  as  discovered  by  the  labours  of 
Bernard,  Pavy,  McDonnell,  Harley,  &c.,  will  be  fully  considered 
when  treating  of  the  functions  of  the  liver. 

2.  Starch,  CgH^oOs. — True  starch  is  now  known  to  exist  as  a 
constituent  of  the  human  body.  (Busk,  Carter.)  Many  of  the 
granules,  however,  termed  corpora  amylacea:,  found  in  the  brain, 
spinal  cord,  liver,  spleen,  kidneys,  and  mucous  membranes, 
though  resembling  starch  corpuscles  in  form,  do  not  give  a  blue 
reaction  with  iodine,  even  with  the  addition  of  a  little  sulphuric 
acid,  and  differ  from  it  in  chemical  composition.  To  such  bodies 
I  have  for  a  long  time  given  the  name  of  amyloid.  Starch  is 
of  great  physiological  importance,  inasmuch  as  it  constitutes 
a  large  proportion  of  human  food.  Infusions  of  almost  any  of 
the  animal  tissues,  and  saliva,  and  pancreatic  juice,  readily 
convert  it  into  sugar. 

3.  Sugars, — Under  this  name  are  included  a  number  of 
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orgwiic  compoiinda,  which  are  soluble  in  wiiter,  crysUlluable, 
have  a.  sweet  taete,  aeutral  reaction,  aud  iii  a  state  of  solution 
rotate  the  plane  of  vibration  of  a  ray  of  polarised  light.  ThoM 
of  interest  to  the  physiologist  are,  a.  Snccharose,  or  cane  aiigar ; 
b.  l^ictose,  or  tnilk  nugsr;  c.  Glucose,  or  grape  sugar  ;  and,  j 
d.  Inoaite,  or  muacle  sugar. 

a.  SaccAarott,  or  Cane  Sugar.  C\,H|,0,,. — This  substance  i>  J 
uot  found  in  the  animal  body,  but  it  is  widely  diSHiaed  ii 
rentable  kiagdom,  aud  forme  an  importAut  element  in  the  food'.l 
of  mno.     It  crystallises  in  lar^e  mocoulinic  priams,  ia  soluble  ii 
water,  insoluble  in  alcohol  and  ether,  and  the  aqueous  soluticoi  J 
turns  the  ray  of  polarised  light  to  the  right, 

6.  Laetoit,  or  MOk  Sagar.  C,jH,iO„.— This  sugar  is  found  I 
only  in  tlie  milk  of  Che  mammalia.  It  may  be  ubtained  front  j 
milk  by  precipitating  the  casein  by  ac^id  or  reuiiet,  filtering,  and  I 
evaporating  the  whey  to  the  crystaliiaing  point.  It  occu 
hemihetlric  trimetric  crystala,  and  the  aqueous  solution  tuma  I 
the  plane  of  polarised  light  to  the  right.  It  differs  from  coiM  \ 
augur  in  crystalline  form. 

c  Olacote,  or  (trape  Sugar.  Diabetic  imgar,  tugar  of  Mnwi  I 
ftc,  C,HuO,+H^.— This  substance  eiisU  in  the  liver,  in  0» 
amniotic  and  oUanteic  fluids,  in  the  blood,  in  the  chyle,  and  is 
eggs.  In  the  disease  called  diabet«e  this  sugar  is  found  in  thA  ] 
urine  often  to  the  amount  of  6  or  10  per  wot.  ;  and  accordingti 
Bence  Jones  it  exietB  in  minute  quantity  even  in  healthy  urine 
Compounds  of  glucose  are  likewise  found  in  the  aniiual  body. 
When  gelatin,  hyaline  cartilage,  and  rib-cartilage  are  boiled  with 
hydrochloric  acid,  large  quantities  of  glucose  are  obtained.  It 
may  be  obtained  by  evnporatiug  the  urine  of  diabetic  patients, 
and  may  be  purified  by  re-ciystaUisatiou  from  a  solution  in  boiling 
alcohoL  From  an  aqueous  solution  it  is  deposited  in  wbit«, 
opaque,  granular,  hemispherical  masaea,  consisting  of  the  hydrate, 
C,H,,O,+H,0.  ;  but  from  nearly  absolute  alcohol  it  is  obtained  • 
ns  anhydrous,  microscopic,  sharply  defined  needles.  It  is  len  J 
soluble  in  water  than  cane  mgsr,  and  it  rotates  the  plane  <d 
polarised  light  53'2°  to  the  right.  It  gi^'es  a  dark  brown  colour 
with  liquor  potassin  (Moore's  test),  and  has  the  power  of  imme- 
diately r»dadng  cuprous  oxide  from  an  alkaline  solution  of  cupric 
sulpliate  (Trommer'a  teat).  Its  quantjtative  estimation  is  mada 
by  the  amount  of  cuprous  oxide  thrown  doim  from  a  knows 
measure  of  potuasio-tArtrate  of  oojiper  (Feliling's  test).     Tba  J 
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potasBio-tartrate  of  copper,  made  alkaline  by  the  addition  of  a 
little  liquor  potassse,  is  heated  to  boiling  in  a  capsule,  and  the 
liquid  containing  sugar  is  dropped  in  until  the  copper  solution 
acquires  a  pale  straw  colour  by  the  separation  of  red  cuprous  oxide. 
d,  Inosite,  or  Musde  Sugar.  CgH^gOg  (PI.  I.  fig.  16). — This 
substance,  isomeric  with  glucose,  exists  in  the  muscular  sub- 
stance of  the  heart,  in  the  lungs,  kidney,  liver,  and  spleen.  It  is 
best  prepared  from  the  muscle  of  the  heart.  It  crystallises  in 
tabular  plates,  or  oblique  prisms,  or  right  rhombic  prisms,  con- 
taining two  atoms  of  water  of  crjrstallisation.  Inosite  has  a 
sweet  taste,  and  no  rotatory  power,  differing  in  the  latter  respect 
from  the  other  sugars. 

3.  Acids  related  to  Sugar. — Nearly  allied  to  the  starchand 
sugar  group  of  compounds  just  described  are  the  two  substances 
known  as  lactic  and  sarcolactic  acids,  the  former  existing  in  sour 
milk,  the  latter  in  muscle- juice. 

1.  Lactic  acid,  C3HQO3. — This  acid  is  the  result  of  a  peculiar 
fermentation,  the  lactic  acid  fermentation,  of  various  kinds  of 
sugar,  preceding  the  butyric  acid  fermentation.  The  change  of 
milk  sugar  into  lactic  acid  is  shewn  by  the  following  equation : — 

CwSmOii  +  H2O  =  403HeO3 

Milk  siigar.         Water.        Lactic  acid. 

2.  Sarcolactic  acid.  —  When  this  acid  was  discovered  by 
Berzelius  in  the  juice  of  muscular  flesh,  he  imagined  it  to  be 
identical  with  the  lactic  acid  of  sour  milk,  but  Liebig  shewed 
that  though  the  acids  are  hardly  to  be  distiuguislied,  their  cal- 
cium and  zinc  salts  exhibit  marked  distinctions.  This  acid  gives 
the  acid  reaction  exhibited  by  muscle  after  it  has  been  fatigued 
by  contractions  induced  in  any  way. 

3.  The  Mineral  Principles. 

The  mineral  or  inorganic  principles  found  in  the  human 
body  may  be  classified  as  follows  : — 

1.  Gases. — Oxygen  (O)  and  nitrogen  (N)  exist  in  a  free  state 
in  the  blood  and  in  the  urine. 

Hydrogen  (H)  is  never  found  in  a  free  state,  but  exists  in  water, 
and  in  light  carburetted  hydrogen  (CH4). 

Light  carburetted  hydrogen  (CH4)  has  been  found  along  with 
other  gases  in  the  flatus  from  the  intestinal  canaL 
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2.  Fkse  Acma.—Carbonie  add  (CX),),  oi 
carbomc  auhydrick,  exiata  ia  both  venou 
especially  in  tbe  ktte«  /^y-r-n.^.^. 

Su/phurie  acid  (H^O,)  does  not  eiist  free  in  the  body,  bat  I 
forma  sulphates,  which  ma;  be  either  neutral  or  acid,  bj  com-  I 
biuing  nitli  TarioiiB  baaea. 

Silicic  acid  (SiO^  has  beeu  found  iu  xevcral  tissues. 

^jrfrocAforu;o<n(i{HCl)oec\ifHinafree  state  in  the  gastric  juice.   I 

3.SAi,in.— I.  Carbonata.— Sodium  carbonate  CSafiOj-i-lOBfi) 
and  /xiCOMiam  carbonate  (KjCO,)  exist  in  urine,  and  probably  iu 
the  blood  and  tissues.  A  mmonivm  aarbonate  (NU^HCO,)  i»  Mid 
to  be  fouud  in  expired  air,  but  as  a  normal  product,  its  presence  ia 
doubtful.  Caiciani  oarbonate  (CaCOj)  eiista  in  the  bones  and 
teeth,  and  it  also  occurs  as  a  urinary  sediment.  In  the  urine  of 
luau  it  is  Tery  rare,  but  is  common  in  that  of  the  horae,  where 
it  forms  jieciilinr  globular  budien,  ideutical  with  tiie  artifieial 
calculi  made  by  Mr  Rniuey,  which  will  be  described  in  treating 
of  the  molecular  elemeuts  of  tlie  tiseueit.  Magnea-am  carhonaU 
(UgCO])  also  exiHtu  in  bunee,  teeth,  and  urine. 

2.  ClUoridet. — The  cMoridet  of  aodium  (NaCl)  and  potatsivm 
(KCl)  exist  in  large  tjiinntity  in  all  the  solids  and  fluids  of  tbe 
body.  Sodium  cidoride  is  the  more  ftbundaut  of  the  two.  PotAS- 
siumchlorideisfoundcliieSyiauiuscle-juice.  AmmtmiiimclUoridi 
(NH4CI)  is  found  in  the  wdica,  in  tears,  and  iu  the  urine. 

3.  OsaJalu.—TAe  asalaU  of  talciaw.  (CaC,0,)  is  found  in  the 
urine  in  certain  states  of  the  system.  It  forms  octahedral  crystoUs 
and  dumb-bells  (PL  I.  fig.  17). 

4.  Flmndet.—Plvoride  of  Caldam  (Carf)  exists  in  small 
quantity  in  boues,  in  teeth,  and  iu  the  blood.  It  is  fouud  chiefly 
in  enamel,  which  owes  its  grent  bonhiees  to  this  salt. 

G.  PkospkiUet.—  The  pho*phate»  of  tuditim  are  found  in  all  the 
solids  and  fluids  of  the  body.  They  are  three  in  number,  the 
baBic(Na,P0,-|-12H^),  the  neutral  (N8,HP0,-|-12H,0),  and  the 
add  (NaH.PO.+H^j,  They  exist  largely  in  the  blood,  and 
recent  iuvestigationB  dliew  that  in  the  process  of  respiration  they 
carry  the  carbonic  acid,  in  a  loose  state  of  combination,  from  the 
tissues  to  the  lungs,  there  to  be  eliminated.     In  like  manner,  tbe 
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ftitei-am  (CajSPOj)  forms  tlie  chief  pnrt  of  the  earth7  matter 
of  bone.  It  eiisla  in  cousid arable  quantity  in  teeth,  and  ia 
found  ID  all  the  solids  and  flnida  of  the  body.  The  pho»pliate  of 
moffnaimi,  (HMgPO,+7H,0),  exitrls  iii  the  blw^i,  in  the 
urine.  Mid  genei^y,  tbongb  to  a  comparative!}'  small  Amount, 
in  tile  tianiei  The  itmmonia-magnmc  phntphaU  (MgNHiPO^ 
+8H,0)  ia  freiinently  met  with  as  a  constitiieDt  of  urinary 
oUculi,  and  in  always  formed  during  the  alkaline  fermentation  of 
[t  occurs  as  large,  ti-ansparent,  rhombic  prisms,  but  it  is 
sspeniform  or  feathery  in  its  appeunmce  (PI.  I.  fig.  IS). 
t:  ArfpAufiM.— Tlie  ihdphata  of  sodium  (Na^j+lOHjO),  of 
"  n  (K^J,  Mid  of  calriiim  (CaSO,),are  found  everywhere, 
r  in  the  blood  and  nrine.     Sidphate  of  calcium  exiats 

7,  £ttijnii>ryanu£«. — The  tvlph/x^anidt  tf  potattiam  (KCN8) 
is  fottnd  only  in  the  aulira,  and  in  very  small  quantity. 

4.  Mbtau. — The  pn«enee  of  iron,  manganeae,  copper,  and 
leaJ  have  been  already  noticed  (p.  -5),  The  stat«  of  combiuation 
in  which  then  metals  exi«t  in  the  body  is  quite  unknown.  Of 
;bf^,  iron  is  the  most  important. 

The  mineral  ingredii'uts  above  deacribed  enter  the  Wly  of 
BUI  in  Ilia  fond  and  drink.  They  all  exist,  more  or  le<ia,  in  the 
J  articI*<B  of  food  ;  and  even  pure  water,  the  natural  drink 
,  CODtoitiB  nuiDV  of  them  in  u  atate  of  solution.  For 
i  a  man  were  to  consume  two  lbs.  of  ixitatoes  and  two 
od  daily,  no  less  than  half  an  ounce  of  Milid  tribosic 
of  calcium  would  enter  his  system  in  tweoty-four 
konra.  The  sdts  are  chiefly  excreted  by  the  kidneys  and  alvine 
evBcuationa,  but  every  secretion  contains  more  or  lesH  of  them, 
1  that  it  ia^^ptwnible  to  judge  of  the  amount  of  mineral  uifitte^  ' 
which  mlcw  the  frame  from  the  quantity  which  leaves  it.  Tliey 
■n  pveu  off  by  the  emunctoriee  in  proportion  to  the  amount 
io  that  a  hwdtliy  state  of  the  economy  is  preserved, 
li  suhMtnucea  ytua  tlirrmgh  the  body  and  appear  in 
■  anchange'l,  mich  as  the  alkaline  carbonates,  aulphattiB, 
;  phnqihtitefl,  borates,  chlorates,  aillcatcB,  &c.  ;  while 
j^juv  changed,  such  as  salts  of  ammoni.^,  which  may  be  con- 
1  tntn  nitnle^  The  neutml  wiXa  of  the  organic  acids  ure 
cunwrted  into  carbonates. 
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Irregularities  of  food  must  modify  the  ainoimt  of 
matter  token  into  the  Byst^m.  These  niiuetul  matters  ure  iisuall;  I 
soluble,  but  only  tu  a  certuiu  e]ct«nt.  If  then  t]iey  he  in  excei^  I 
HO  th&t  the  natural  fluid  contAiniug  them  ismorethan  SBturat«d|  1 
tliey  are  jartly  precipitated  and  give  rise  to  concretions. 
dimiuutiaD  of  the  fliiid  of  the  secretion  would  of  course  produoa  1 
the  same  result.  Oraaaiooally,  inaoluble  salta  are  formed,  whioh  J 
are  deposited  from  one  or  olJier  of  the  excretions,  au  exampb  I 
of  which  is  seen  in  the  octahedral  crystals  of  oxalate  of  liiMil 
found  iu  the  uriue. 

6.  Water  (H^)  forms  70  per  cent  of  the  whole  body,  It  is 
an  importuut  constituent  of  all  the  solids  tuid  fluidis.  It  is  chiefiy 
derived  froni  without,  in  the  food  or  drink,  but  a  small  qunntity 
is  formed  witliin  the  body  by  the  osidatioa  of  the  hydrogen  of 
urgauii;  compounda 
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In  animals,  colour  depends  on  two  circumstances  :  first,  tlw 
deposition  of  pigment ;  and,  second,  on  purely  optical  phenomeIll^ 
originating  in  peculiarity  of  structure.  Of  some  insects, 
cochineal- insect,  Coccia  racti,  the  entire  substance  is  used  as  a  dye ; 
certain  of  the  animal  fluids,  as  the  blood,  bile,  and  urine  are  also 
strongly  coloured.  Pigments  rarely  exist  in  animals  in  the  sepa- 
rate state,  and  their  separation  ia  a  matter  of  great  difficulty. 

Pigment  exists  more  or  leas  in  the  rete  mncosum  of  the  akin  of 
all  races  of  men,  and  ite  amount  and  character  determines  the 
colour  peculiar  to  each  race.  In  the  negro  race,  black  pigment 
abounds  ;  in  the  Indian,  red  ;  the  Malay,  yellow  or  browu  ;  and 
BO  on.  In  proportion  as  the  race  is  more  and  more  fair,  the  in- 
dividual varieties  of  complexion  due  to  this  cause  are  more 
pronounced.  Thus,  there  is  often  a  more  striking  difference 
between  the  com|jlesion  of  two  individuals,  Europeans,  thau  cao 
be  found  between  two  negroes.  Occasionally,  individuals  of 
Tvhite  racea  are  met  with  liaving  an  uuusuully  large  amount  of. 
pigment  in  the  ddn,  either  generally  difiiised,  or  locatinl  in  out 
or  more  spots.  A  black  pigment  is  also  found  iu  the  lungs  of 
old  persona,  imd  in  those  working  in  coal  mines,  or  living  in  %; 
mining  district    The  uatnre  of  the  cutaneous  pigment  found  ~ 
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man  liaa  stUI  to  be  Kumiined,  but  in  the  langs  it  cooeists  of  pure 

BUck  pignieut,  termeil  ■mdanin,  is  found  is  tlie  celU  of  the 
chonrid  of  the  eye.  Thia  pigment  (melRnin)  (PI.  1.  fig.  24),  and 
the  bUok  pigmcut  fouud  in  a  cnucerous  tumour,  have  been 
auUyaed  by  Schurer,  Rosow,  snd  Heiutz,  witli  the  fallowing 
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We  ahiiU  nnw  describe,  1.  The  pigmenta  of  the  blood  ;  2.  Tlie 
pigmcntB  of  the  btle  ;  uid,  3.  The  pigment  of  the  uiine. 

1.  Thb  Colo p WHO  Matteh  op  the  Btoon. — Tlie  colouring 
nuttor  or  pigment  of  the  blood  hns  received  varioua  names, 
Hjemuglobiu,  HnuiAta-cryHtallin,  and  Cruoriu.  The  tenuH, 
hmnatui  and  hotnatotdtn,  are  now  reHtricted  to  those  cryHtula 
which  are  produced  by  pbyaiologliAl  agencies,  in  dots  formed 
bj-  thr  effusion  of  blood  into  the  cavities  or  tissues  of  the  body. 

I.  /f<rmalo-ciyHaUi»,  or  Hamnglnbin  (Plate  !.  figs.  10, 20,  22), 
aa  already  mentioned,  is  Um  most  complex  substance  found  in 
the  body.  It  is  ivpresented,  according  to  Thudimuo,  by  the 
(Dnnala  C',g,H,M^iMl'*^Oi)r  I''  in^y  ^  obtained  in  a  crystal- 
line form  by  adding  water,  other,  chloroform,  or  alcohol,  to  a 
dntp  of  blood  on  a  slide  of  glaaa,  covering  it  over  with  a  thin 
oarerlnK  ghuut,  allowing  it  to  stand  for  on*  or  two  hoiiiB,  and  then 
dng  under  tiiemicroMope.  Lehmouu  obtained  it  liy  pass- 
■tT«am  of  iixygiiu  through  a  mixture  of  blood  and  water 
minut«8,  tlien  a  stream  of  carbonic  acid  till  the  fluid 
bright  red,  when  the  hffimato-crTstnllin,  ayntallises  out. 
Iliefonn  of  the  iiystals  varies  in  different  animals — being  prisma- 
tic IB  Buui  and  most  mammalia,  tctrolkedrons  in  tlie  rat,  mouse, 
anil  gninm-pig  (fig.  22),  hexagon  tablets  in  the  equirrel,  and  rhom- 
bobulrons  in  the  marmot.  The  crystals  are  made  black  by  nitric 
■ddiWnd  decolorised  by  chlorine.    Hmmato-cryslaliiu  cootains. 
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as  proximate  coiistitueuta,  an  allmminoua  body,  which  is  colonr- 
le38 ;  AUil  hsematiu,  which  is  coloured,  and  retaina  the  irou  of  the 
origiiiiil   Hiibslani-'e.    According  to  Hoppe-Seyler*  and  Sti>kea,+ 
hmmato-cryHtalliii  eiista  in  the  blood  in  two  fomiB,  theone  called 
hannnglohiH  (Hoppe-Seyler)  or  purple  cnioria  (StokeH),the  other  1 
oxy-hartaoglobiit   (Hoppe-Seyler)   or    scarlet    cmoria   (Stokea), 
differing  from  the  first  in  having  a  certain  amoimt  of  oxygen^ 
in  loose  combination.     The  HpectrOHonpe  affords  the  only  n 
of  dixtingiiiahiug  between  these  modifications.     When  a 
layer  of  arterial  blood  mixed  with  water  is  examined  by  tta'^ 
spectroscope,  two  dark  and   sharjJy  defined  absorption   bands 
are   seen   between   U   and  E,   one  close  to  D,  the  other  and 
thicker  one  close  t«  E  ;  if  D  is  at  8(1  of  the  scale,  and  E  at 
106,  the  first  band  runs   from   81  to   87,  the   other  from   95 
to  lOG.    This  is  the  spectrum  of  oxy-hsmoglobiu.    But  if  the 
solution  is  treated  witli  any  reducing  agent,  depriving  it  of  its 
oiygen,  such  as  ferrous  sulphate,  it  assumes  a  purple  colour; 
and  when  again  examined,  it  will  be  fouud  that  the  two  absorp- 
tion bands  have  disappeared,  and  only  one  band,  stretching  from 
82  to  97,  is  to  be  seen.     This  is  the  spectrum  of  hnmoglobin. 
Since  ordinary  venous  blood  always  contains  some  oxygen,  tha 
spectrum  usually  seen,  of  course,  is  that  of  oxy-hasinoglobin  (two 
bands)  ;   but  the  blood  nf  an  tinimal  dying  of  asphyxia,  in  which  I 
there  is  no  oiygeu,  always  shews  the  siagle  absorption  btmd  of  | 
hremoglobin  (Hoppe-Seyler). 

2.  Bcematin  or  llannatnidin. — C|(Hi,N,03Fe  (Plate  I.  fig.  21)— 
is  a  ci^stalline  substance  often  found  in  eztravaaated  blood. 
It  is  produced  by  the  decomposition  of  hiematocryHtaUin  into 
an  albuminous  body  and  hsematin.  It  is  sometimes  amorphous 
in  little  grains  or  globules,  sometimes  in  small  crystals  belonging 
to  the  monoclinic  system.  It  is  transparent,  strongly  refracting, 
yellowish  red  or  niby  red,  insoluble  in  all  ordinary  reagentA, 
except  potash.     Iron  is  always  found  in  this  substance. 

2.  The  CoLOCRiNQ  Mattebs  OF  THE  BiLc— Five  distinct  pig-  j 
raents  have  been  found  in  the  bile  of  man  and  other  mammaUai,  I 
namely,  Bilirubin,  Biliphffiin,  Biliverdin,  Bilifusctn,  and  BiB*  J 
prasb.    (Plate  L  fig.  23.) 

•  Hoppe-Scyltu-,  nnAouTi  A  nkir.  mil].  «M,  iiii.  m  ud  EOT ;  j 
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1.  BSinddn.  C„H„N,Op— TLia  aubstance  constitutea  the 
diief  iiignieiit  iu  the  bile  uf  maii.  It  rauj  be  extmuted  from 
^I  RtotiM  by  cUurxfarra.  It  ccinsista,  wlieii  obtameil  pure,  of 
miouhf  aini-rphous  gnwiileH,  of  a  pure  red  oolour,  like  nitric 
«xitle  of  lucre ury  (PI.  I.  fig.  23).  When  precipitated  by  nicohol,  it 
■hews  luiijiile  ycLuw  rtmmbic  prisms.  By  oxidatioii  with  nitric 
acid,  this  euLetiUio^  is  oouverted  into  biliverdine,  giving  n  beautiful 
pUy  ni  colours,  first  green,  theu  blue,  purple,  violet,  am],  IttsCly, 
a  dull  Tim]  or  brownish  yuUotr,  affordiug  a  iieA  fur  very  suiall 
qiuntities  of  bile  in  the  urine. 

2.  BBifttunit  or  VhnlopluEin.  CigHj^NjOj  (?) — Accordiag  to 
Dr  Thuilicuiu,  this  pigment  is  probably  a  moililicatiou  of  bili~ 
nihiii,  at  leiut  it  is  intimately  related  to  it.  It  ia  obtained  from 
IpJl  BtuncH,  like  billrabin,  by  the  solvent  actiuu  of  ddoraform 
and  akoliol,  but  at  a  later  sto^^e  <if  the  proceHSL  It  ia  alwayx 
cryitUlline.  tliiia  dilTering  from  bilirubin.  The  cryHtals  have  a 
dork,  rrddtiih  tiri)wn  colour,  and  belong  to  the  rhombiu  systerD, 
bein^  prisms  wilji  nbtuse  angles. 

3.  BHiitnlin.  C',,Ha,Np,. — Thaiigh  found  only  in  Hmall 
^■antity  in  the  bile  of  man,  it  is  the  chief  pigment  iu  the  bile  of 
brrbivuroUH  ajiinials.  It  is  obtained  by  the  oridatioa  of 
bilinibin.  When  bilirubin  ia  dissolved  iu  caustic  potaali  and 
vKpoavd  lo  the  air,  it  becomes  gradually  green.  On  addition  of 
hyilrndJuric  add,  luliverdin  is  thrown  down  in  fiakes.  It  is 
aoliililK  in  Alcohol,  giving  a  beautiful  green  solution.  It  cannot 
he  ntmiKSannvi  by  any  known  chemical  process  into  bilirubin 
iir  biliphnin-  Dr  Thudicum  has  devised  a  new  teat  for  this 
•ofasUucv.  On  boiling  an  alcoholic  solution  of  biliverdin  with 
c*u*ti/^  ammonia  and  silver  nitrate,  a  reduction  of  the  dixKolved 
iflver  o&ide  iit  observed.  On  the  addition  of  a  mineral  acid,  a 
■{ilendiil  purple  colour  is  pnxiiiced,  due  to  tlie  formation,  by 
oxiilation,  of  ■  new  compound,  termed  biljpurpuriu. 

4.  m^iuni  (C,.Ha,N,0,)  and  6.  Saiprrutn  (CioH^NA) 
hsm  Ixith  been  found  to  a  very  snudl  amount  in  human  gall 
tttiaeK  by  Staedel"r.  They  are  block,  glossy,  brittle,  uon-cry- 
■taUtno  snbetancea.  An  alcoholic  solution  of  bilifuscin  ia  of  a 
tight  brown  mlour,  while  that  of  bilipraain  in  green.  They  are 
not  «f  much  importance  to  the  phyaiologist 

Sfwctnim  ouatyBia  hoa  not  yet  afl'orded  any  definite  results  aa 
'  e  bile  pigmenl*    The  spectrum  of  biliverdin  shews 
ut  mU 
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3.  Thb  CototTUNO  MiTTBtta  of  the  Urise. — Although  Li 
quantitieB  of  urine  liave  l)eea  carefully  analysed  hy  \%\ 
neut  physiological  chemists,  the  state  of  knowledge  regarding  ti 
pigments  is  very  indefinite.     It  is  probable  that  in  human  uriDe] 
three  pigments  exist,  namely,  urohsematin  (Horley),  urochromai 
(Thuditmm),  and  uroianthin  (Huller),  or  Indican  (Schnnk). 

1.  Vrohixmatia. — This   Biibstauce   is   o  dark  red   amorphotwfl 
mHAs,  re«inoua  in  consistence,  eonttuning  iron,  readily  soluble  i 
ether,  alcohol,  aJkalies,  and  fresh  urine,  but  insoluble  ii 
and  acids.     Harley — who  isolated  this  substance  by  a  very  o 
plex  process,  which  it  would  be  out  of  the  proviuoe  of  this 
to  dewrribe — regards  all  the  other  iiignients  discovered  by  otb 
chemists  as  derivatives  of  urohnmatin. 

2.  Urochromt. — Dr  Tliudicum  extrftcl^d  from  a  large  a 
of  urine,  an  amorphous,  yellowish  substance,  easily  soluble  ii 
wat«r  and  acids,  leas  so  in  ether,  and  least  of  all  in  alcohol  (thui 
differing  in  a  marked  degree  from  Harley's  urohwmatin),  ■ 
which  he   gave   the  name  of  urochrome.      According  to  tltiA^V 
chemist,  urochrome  yields,  by  decomposition,  a  purplish-black  1 
matter,  insoluble  in  water,  aiid  very  dightly  soluble  in  alcohol,  J 
called  UTOmdaniiu     Uromelsnin  does  not  exist,  as  such,  i 
urine,  but  is  derived  from  urochrome.     The  urochrome,  however, 
does  not  immediately  yield  uromelanin,  but  a  leu  oxidised  sub- 
stance, of  a  light  yellow  colour,  which,  however,  becomes  brown 
on  exposure  to  air,  and  in  course  of  time  is  precipitated  as  a  jier- 
fectly  black  pigment.     The  composition  of  this  black  pigment  is 
CuHuNTOig,  very  similar  to  that  of  the  black  pigment  (melanin) 
found  in  the  choroid  of  the  eye,   and  ia  melanotic  cancer& 
Taking  into  consideration  the  very  high  atomic  weight  of  this 
substance  (733),  Dr  Thudiciim  believes  tliat  it  may  possibly  be 
deriveti  from  htemato-orystailin,  the  crj-atiJIisable  compound  of 
the  blood  coriniHclea,  which,  as  already  explained  (p.  32),  may 
be  split  into  an  albuminous  body,  and  into  hteinatin.     Accord-  J 
iug  to  this  view,  ummetanin  would  be  a  derivative  of  hajoiato-  I 
crystallin,  as  uric  acid  is  a  derivative  of  albumin.  ^ 

3.  VnuHtnthm  or  Miean.  C„nj,NO,i.  —  This  substjine* 
occurs  iu  human  urine,  botb  healtliy  and  diseoMd  ;  and  when 
present  in  considerable  quantity,  causes  the  urine,  after  sponta- 
ueous  fermentation,  or  ou  lulditioD  of  acids,  to  deposit  some- 
times indigo- blue  (urogtauduof  Heller)  or  indigo-red  (urorhodtn 
of  Deller).    It  may  be  detected  by  precipitating  the  urine  witb  J 
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basic  acetate  of  lead,  collecting  the  precipitate  which  foims  in 
the  filtrate  on  addition  of  ammonia,  and  decomposing  it  with 
cold  dilute  acids  ;  the  filtrate  then  depositing,  first,  indigo-blue, 
then  indigo-red,  and  afterwards  other  products  of  the  decomposi- 
tion of  indican.  Thudicum,  however,  denies  the  presence  of  in- 
dican  in  the  urine. 

The  chemical  constitution  of  the  various  tissues,  such  as 
muscle,  nerve,  tooth,  bone,  &c,  the  analyses  of  the  different 
fluids,  secretions,  and  excretions,  such  as  the  blood,  bile,  saliva, 
gastric  juice,  urine,  fceces,  &c,  and  the  chemistry  of  the  great 
functions,  such  as  digestion,  respiration,  nutrition,  &a,  will  be 
hereafter  described. 


GENERAL  HISTOLOGY. 

The  ultimate  elements  of  the  tissues  have  been  variously 
classified.  We  shall  consider  them  under  four  heads  :  1st,  the 
molecular  ;  2d,  the  cellular  ;  3d,  the  fibrous  ;  and  4th,  the  tubu- 
lar elements  of  the  tissues, — concluding  with  a  consideration  of 
the  general  doctrines  of  their  origin  and  development. 

The  Molecular  Elements  of  the  Tissues. 

Defhiition. — By  a  histological  molecule  is  to  be  understood  a 
minute  body,  seen  under  high  magnifying  powers  in  all  organic 
fluids  and  textiures,  var3dng  in  size  from  the  four  thousandth  of  an 
inch  down  to  a  scarcely  visible  point,  which  may  be  calculated  at 
less  than  the  twenty  thousandth  of  an  inqh  in  diameter.  Op- 
tically it  is  distinguished  according  to  its  size  ;  the  smallest 
presenting  dark  or  light  points  as  the  focus  is  changed,  and  the 
larger  exhibiting  a  dark  or  light  centre,  surrounded  by  a  dis- 
tinctly shadowed  ring.  These  last  are  frequently  distinguished 
by  the  name  of  granules.  The  ultimate  molecule  has  never 
been  reached,  even  with  the  highest  magnifjdng  powers.  In 
the  same  manner  that  the  astronomer  with  his  telescope  re- 
solves nebulao  into  clusters  of  stars,  and  sees  other  nebulao  beyond 
them,  so  the  lustologist  with  his  microscope  magnifies  molecules 
into  granules,  and  sees  further  molecules  come  into  view. 

The  chemical  campontion  of  molecules  must  vary  infinitely, 
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but  I  liave  lx«n  in  the  li»bit  of  classify iag  them  iutnfuiirgroupH. 
&Di]  referring  tbeni  to — lat,  the  albuminous  ;  2d,  the  futty  ;  3cl, 
the  mineral ;  luid  'Ith,  the  pignicntuj  compouDdB.  These  com- 
ponent conatitueutH  may  be  tuliigled  together  in  variuiis  jiroiiur- 
tioDB,  so  aa  to  produce  simple  and  compound  molociileit. 

Phgiical proptTtiei.—'l-a  the  vast  majority  of  aaea  they  are 
globular  iu  shape,  but  they  may  be  angular,  square,  and  of 
various  forma.  They  may  iliffer  in  size,  or  be  of  mlembly  uni- 
form size  iu  the  same  liquid  or  eubatajice.  Tliey  may  be  regu- 
larly or  irregularly  Jiffuaed  iu  the  matter  examined.  SometimeH 
they  are  concentrated  in  particular  phtces,  aud  at  olhera  scai- 
tered  ia  groups  (PI.  IL  a.  b,  c,  d).  Tlieir  colour  is  various. 
Most  of  the  pigments  in  plautsandauinutls  are  dependent  on  the 
formation  of  molecules,  wliich  iu  the  human  lung  Juive  been 
proved  to  lie  pure  [»rl>oa  ;  and  iu  the  tisdues  of  plants  and 
animals,  differently  tinted  kinds  of  fat  or  of  wax. 

Deednpinent  of  nioltculet. — Moleculea  may  be  formed  iu  two 
different  ways — 1st,  by  precipitation  in  fluids  or  semi-solid 
Bubalajicea ;  2d,  by  the  disintegnitiou  of  preriously  formed 
tisanes.  The  former  may  be  called  histogaaetie  [itrtt  and  yt), 
and  the  latter  hislot^eic  (!rr„  and  t-m, — diasulutio)— a  term 
first  progioaed  by  Dr  Lyons,  of  Dublin.  They  may  he  alao  deno- 
minated molecules  of  formation  and  molecules  of  disintegration. 

Ifiiloffcnttie  molee^dei  are  formed  either  from  the  uniou  of 
two  simple  organic  fluids,  or  from  precipitation  occurring  in 
formative  fluids  holding  various  substances  in  solution.  It  was  Dr 
Aschersou,  of  Berlin,  who  first  discovereil,  in  1840,  tlie  important 
fact  that  the  mere  contact  of  oil  and  fluid  albumin  caused  the 
bitter  to  coagulate  in  the  form  of  a  membrane,  which  he  called 
the  haptogen  membrane,  from  irri/tmi,  bo  come  iu  contact.  A 
more  complete  mixture  of  two  such  drops  jiruducea,  as  is  well 
known,  a  white  opaque  fluid  or  emulsion,  which  etiiictui'ally 
exactly  resembles  milk — that  is  to  say,  it  consists  of  wolenilea 
composed  of  a  drop  of  oil  surrounded  by  a  layer  or  membrane 
of  coagulated  albumin.  Such  compound  molecules  poesessiug 
the  property  of  endosmoae  may  therefore  readily  be'  produced 
artificially,  and  by  trituration  can  be  reduced  in  sine,  so  aa  to 
resemble  the  elemsntory  molecules  in  chyle  or  iu  the  yolk  of 
the  egg.  If  oil  and  albuntin  be  introduced  into  the  stomach 
and  intestinal  canal,  they  ore  always  so  reduced  ;  and  one  of 
the  objeuta  of  digestion  would  appear  to  be,  separating  from 
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tlw  /uod  and  rendering  fluid  ite  oil  and  albumin,  so  as  to  pi'o- 
liuce  the  chyle  moleciUea,  which  are  ultimalely  tmn»fi>nnBd 
into  blood.  Indeed,  evennchere  in  living  organisms  it  may  be 
olarrred  thai  oil  and  tUliiuniii,  ftiiiued  an  aetnvtiiiDa  by  ^ilants, 
Uid  enUiring  the  bodies  of  animals  aa  food,  eitlier  separately  or 
united,  constitute  the  chief  origin  of  moleoulnr  formations. 

Mr  Rainoy  |>ointetl  out  the  condition  whicli  cuuneH  mulecular 
mineral  Euatter  to  asume  the  fonn  of  rouniW  nuclear  bodies.* 
Thi«  •sinditioD  is  viacoaity.     If  carbonate  of  Uine  be  diabolved 
ill  WKlt^r,  thti  forms  produoed  on  its  precipitation  are  crystalline, 
tnit  if  the  thetliiid  be  glutinous — composed,  for  example,  of  fluid 
gekitiu  or  gum — the  forms  produced  are  oval  or  globular.     Pre- 
L-tpitstian«  made  iu  this  way  on  alidett  of  glass,  closely  resemble 
the  BpnearKDi««  calltul  nuclear  or  c«]Iuliu-  in  different  stages  of 
ilenelojimeut,  u  iu  PL  II.  lig.  3,     By  allowing  a  drop  of  the 
•wtXerj  and  a  dmp  of  the  gummy  solution  of  carbonate  of  lime 
to  cuiue  In  contact,  it  may  be  shevru  how  the  cryatailine  gradually 
pMPPi  into  the  roundeil  nuclear  forms  (PL  II.  fig.  4.)    MrRainey 
hwi  furtlio^  shewn  how  starch  granules  are   produced  iu  the 
jnicns  of  TFjfctalilM.  by  the  endosmose  of  gum  into  a  cell  con- 
taining a  Nolution  of  dextrin.t    Id  tlie  some  niauner  that  the 
mtoct  iif  oil  And  albnniin  produces  oleo-albuminous  molecules, 
t  doM   the   contact   of   gum   and   dextrin  precipitate   starch 
,    mnlaeuleH.     In  this  manner  we  can  comjirehend  how  the  mixture 
tfvmioasorgsuic  fluids  jpvesrise^  to  particles  of  different  kinds. 
ilittUgtic  malteulu  are  the  result  of  the  transformation  and 
dwiitit^gnition  of  flnid  and  solid  substances,  by  chemical  or 
muiiauical  uotion.    They  are  cjft«n  larger  iu  size  than  bisto- 
miiloculTs,  sre  more  purely  fatty,  and  from  being  e< 
iM>ciaI«d  with  the  dfbrit  of  broken-down  ti^xture,  may, 
tn*iicliniaeB,bcrcadilydi9tinguiah«d(PInt«II.  tig.  l,(f)-     Thus, 
L  Is  tlM  hrvakbg  up  of  cells  or  of  muscle,  vrhea  they  become  fatty, 
IT  nt  UiE  puijiifactiun  of  animal  or  Tegetable  niuttern,  these  may 
•  aeen  to  soften,  lose  their  peculiar  structure,  break  up,  and 
iltim«l<dy  id;  roduced  to  a  molecular  condition. 
Wo  dull  inihaequently  see  that  these  two  kinds  of  molecules 
e  otiiwlantly  chungiug  places  ;  or,  in  other  words,  molecular 
r  formed  from  the  proceu  of  diiuuti>gration,  may,  when 


f  Hi<irM«>i^c»1  Joiui 


38 


MOLECULAR  ELEMENTS 


placed  uniler  peculiar  circumstAiices,  become  the  basis  of  matto'  1 
wliich  uudergoBB  development.     In  nature,  the  breaking  down  I 
of  one  substance   is   the  necessary  step  to   the   formation   of  1 
another,  and  tlie  histolytiu  or  disintegrative  molecules  of  oita  \ 
period    become   the   hiatogenetic    or    formative    molecules    i 
another.      Tlus  faut  conatitutea  the  baais  of  the  law,  which  I J 
shall  subsequently  seek  to  establish. 
,     That  histolytii-  molecules  ure  capable  of  arranging  themeelvo*  J 
intoiil  forms,  admits  of  demuDStratioD.     Tu  an  old  preparatiffl 
of  areolar  tissue,  mounted  in  spirit,  in  ray  possession,  innumel 
able  fstty  molecBles  have  lieen  precipitated  on  the  glasa,  which] 
have  arranged  themselves  ns  represented  (Plate  IL  fig.  2). 
Other  molecular  masses  in  the  same  preparation,  rouifd  spaew-S 
or  vacuoles  have  formed  themselveB.     I  have  seen  eiactly  t] 
some  arrangement  and  ntructure  in  the  earliest  formative  stog*^ 
of  vegetable  mould. 

Mdtcvlar  mosementi. — These  molecules  are  governed  by  foroM  I 
which  induce  among  them  a  variety  of  movements,  and  c 
them  to  combine  in  defiuite  waya.     This  force,  which  we  xtaej  4 
call  twAeealar  force,  is  altoguther  independent  of  cell,  nucleus  o 
other  form  of  structure. 

1.  There  are  the  molecular  movements  described  by  Itobert  J 
Brown — hence  called  Bmaonian  movemeut&  These  vibratile  J 
circular,  serpentine,  or  irregular  motions,  may  be  obaervedfl 
whenever  molocules  are  suspended  in  flui<ls  of  certain  densitiM,^ 
butare  too  well  known  to  require  notice  hare.  They  occur  alto- 
gether iudependeut  of  organist^d  structures,  and  must  be  regarded  i 
as  in  their  nature  purely  physical. 

2.  The  peculiar  movements  otwerved  in  the  interior  of  cells, 
vegetable  or  animal.  Amongst  those  I  may  refer  to  those  seen 
in  the  large  v<^table  cellsof  the  CAara,  Vallimeria,  and  Trada- 
canliia  amongst  plants,  and  thoseofvhyle,  theyolkof  theegg,and 
of  the  salivary  cell  amongst  animals.  It  has  been  mucli  dis- 
puted whetliei'  this  class  of  molecular  motions  be  physical  in-  vital 

3.  I  have  frequently  watched  the  formation  of  vibrionee  in  A 
putrid  fluids.  A  sciim,  composed  of  molecules,  collects  on  the  ' 
surface  :  gradually  several  of  them  unite  in  minute  Glameo 
more  or  leaa  long,  which  assume  vibratile  or  serpentine  mow  I 
ments,  and  move  in  various  directions  across  the  field  of  tho  | 
microscope.    Such  movements  most  be  vital. 

-1.  Other  movements,  which  aio  unquestionably  vit.il,  o 
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in  the  molecules  of  the  yelk,  on  the  entrance  into  the  ovum  of 
the  spermatozoicL      Here  it  cannot  be  maintained  that  the 
results  are  purely  physical,  because  in  different  ova  we  see  such 
widely  varying  effects  from  apparently  the  same  cause.  Neither 
can  it  be  attributed  to  any  direct  influence  of  the  cell,  or  of  its 
nucleus — the  germinal  vesicle.      For  example,  an  egg  is  fully 
maturated  in  the  female  organs  of  generation,  and  would  prove 
abortive  if  a  spermatozoid  did  not  find  its  way  through  the 
zona-pellucida,  and  get  amongst  the  molecules  of  the  yolk.    As 
soon  as  it  does  so,  the  apparently  purposeless  Brunonian  move- 
ments receive  a  new  impulse  and  direction.  Both  spermatozoid 
and  germinal  vesicle  are  dissolved  among  them,  and  that  wonder- 
ful phenomenon  of  the  division  of  the  yelk  takes  place,  not  by 
cleavage  or  other  action  of  the  cell- wall  or  nucleus,  but  by  the 
separation  of  the  mass  into  two  masses  instead  of  one.     The 
nature  of  the  phenomenon  in  this  case  may  be  compared  to 
what  is  observable  in  a  dense  crowd  of  men  called  upon  to  pass 
over  to  the  right  or  left  hand  in  order  to  settle  any  disputed 
question  by  a  majority.     At  first  unusual  confusion  is  commu- 
nicated to  the  whole  ;  some  hurry  in  one  direction,  others  in 
another  ;  but  after  a  time  there  is  seen  at  the  margins,  where 
the  crowd  is  least  dense,  a  clear  space,  which  gradually  ap- 
proaches the  centre,  and  at   length  bisecting  the  whole,  pro- 
duces a  complete  segregation  of  the  crowd  into  two  portions. 
So  with  the  molecules  of  the  yelk  in  the  egg  after  impregna- 
tion :  their  movements  are  directed  by  conditions  which  did 
not  previously  exist,  and  a  stimulus  is  imparted  to  them  which 
causes  the  peculiar  result.     It  is  the  division  and  sub-division 
of  the  yelk,  wholly  or  in  part,  which  produces  the  germinal 
mass  out  of  which  the  embryo  is  formed,  and  this  not  by  any 
direct  influence  of  the  cell  or  nucleus,  but  in  consequence  of  a 
power  inherent  in  the  molecules  themselves,  which  waa  commu- 
nicated to  them  for  a  specific  purpose. 

5.  The  peculiar  movements  so  well  described  by  Brticke, 
Von  Wittich,  Harless,  and  especially  by  Mr  Lister,  in  the 
pigment  cells  of  the  frog's  skin,*  and  wliich  occasion  the  sudden 
change  of  colour  in  the  chameleon,  in  fishes,  and  numerous 
other  animals.  The  black  pigment  molecules  may  be  diffused 
throughout  the  cell  or  concentrated  in  a  mass,  and  all  kinds  of 

*    On  the  Cutaneous  Pigmentary  System  of  the  Yrog.—PhUosophioal  Tramac- 
tkmt,  1858. 
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intermediate  gradations  ma;  eiiiit  betwt^en  diifuHiou  and  c 
L'CDtraliuu.  The  cliauge  in  coluiir  is  owing  to  these  ulterationa  I 
in  the  moleoulea,  the  tint  beiug  light  when  they  Are  voi 
trated,  Hud  dark  when  they  ure  diffused.  Mr  Lister  aacer-  J 
tuined  by  experiment  that  their  conceutnitioD  is  uaused  (7 'I 
eipoBUre  to  light,  by  death  of  the  auim&I,  and  by  sudden  section  -f 
of  the  nerve  going  to  the  skin  ;  while  darkness  and  irritation  J 
of  the  nerve  or  skin  cause  diffusion.  Sudden  am)rat4ttion  uf  ■  1 
limb  produced  at  first,  diffusion,  followed  bj  the  coneentration.! 
uf  death.  These  movements  of  the  pigment  molecules  ai*] 
peculiarly  vital,  and  altogether  independent  uf  the  cell-wall  or;! 
nucleus.  The  former  is  stationary,  and  acts  only  as  a  s 
investing  membrane  around  the  moving  particles,  while  tb*l 
concentration  of  them  about  the  nudeuu  is  purely  accideut«If.l 
and  frequently  occurs  in  other  parts  of  the  cell.  I  have  si 
these  molecules  myself,  ss  Iklr  Lister  describes  them,  streaming  1 
out  to  and  returning  from  the  circumference  under  the  iufiueuctt  -I 
of  the  stimuh  referred  to,  where  no  cell  nor  nuvle<ir  action  ui 
t«  thought  of  (Plate  IL  figs.  13  to  16). 

6.  There  are  many  other  kinds  of  movemeuld  which  are  I 
evidently  unconnected  with  c«lls :  for  example,  the  contractile  I 
fibrillm  of  muscle  are  not  dependent  (or  their  inherent  [(owaf  I 
on  cells  or  other  form  of  structure,  but  on  the  square-shaped  ( 
molecules  of  which  its  substance  is  composed  (Plate  IV.  figs.  1 
34,  25).  The  same  may  be  said  of  the  movements  observe  ' 
the  amssba,  in  pus,  mucous  and  colourless  blood  cells,  as  wcJl 
us  in  other  viscous  mosses,  and  which  are  now  generally  de- 
li ominated  amaibiform. 

AU  these  jihenomena  are  connected  with  the  molecules  them- 
selves 1  the  force  occasioning  them  is  a  molecular  force,  and  has 
nothing  to  do  with  pre-existing  cells,  or  supposed  germinal 
centres,  as  some  have  imagined.  Further,  there  can  be  no  doubt 
that  some  of  these  actions  ai-e  iu  their  nature  purely  physical, 
whilst  othei«  are  ptwuliar  to  living  beings,  and  therefore  vital 
We  have,  therefore,  to  determine,  if  possible,  wluit  are  the 
physical  and  what  are  the  vital  lows  of  molecular  coalescence 
and  disintegmtiou. 

Phynixd  law  nf  mideKiilar  anUenxaft  and  duinle/jration. — The 
power  of  combinutiou  between  two  molecules,  which,  under    ' 
peculiar  conditions.  Dot  oidy  move,  but  bo  move  as  to  advance 
towards  and  preas  u|>on  eitch  other,  tliat  they  at  longth  unite 
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r  and  prodacc  lii£:her  forma,  must  be  attribnted  to  a,  molecular 

furoe,   opemtiug   iu   obetiience   to    filed   lawa.       Thua   it   wna 

I   demnnsUnted  by  Newton ,  that  in  i\  spliere  ttie  totjil  attraL'tion 

resultiiig  from  the  jHUticular  attritction  of  all   its  compouenl 

I    putB,  IB,  as  rei^arda  nay  body  drawn  lowtirda  it,  the  siuiie  as  if 

I    they   had   been   conceDtnited  at   the   centre.      Hence   minut« 

B{ibericAl  portides,  as  so  many  gravitating  pointti,  will  be  drawn 

towanla  e>ch  other  with  a  fuive  varying  inversely  an  the  eqiureB 

.    of  the  diatoncee  between  their  i-espective  centrea.     Molecules, 

therefore,  occurring  iu  a  fluid  m«dium  of   equal  density,   or 

Dearly  m,  will,  by  llieir  mutuiil  attritctioa  alone,  form  ttiem- 

selrea  int«  a|ibericAl  uoUeutious  Lir  ma«9eH:      But  when  two 

Mjilu'rules  unite  to  form  a  larger  one,  they  must  each  first  dia- 

intc^nte.     lii  other  words,  they  must  both  fall  into  piecea,  and 

I    *fti!rwanU  b«  put  tu^lher  imder  the  same  static  conditiuns  as 

they  were  before  {Plate  IL  fig.  17). 

WLen  bodies  assume  the  dnmb-lielt  or  elliptical  fomi,  [)erfect 

o  globulus  hoH  not  taken  place,    tluder  these 

e  molecules,  in  a   mnaa  contained  in  the  inner 

I  b«>miHph«nrvs.  coming  withiu  tlie  attractive  influence  of  both 

[  >{iherulaii,  are  aimulloneimsly  drawn  Iu  the  direction  of  their 

«  by  two  variabk  forcea,  whose  sum  is  always  a  eouBtaut 

\   quantity,  m  sluiwn  in  the  diagram  (Plate  11.  fig,  19).     Here  the 

n  major  ia  A  fi.  and  the  axis  nunor  C  D.     The  foci  are  the 

I   jvinla  c  and  c'  which  are  tbe  centres  of  the  coalescing  spherulea, 

and  the  co-onlinates  of  the  curve  over  the  lines  c  p  and  c*  p. 

The  cualesiwiice  of  two  such  spherules  will  cause  the  dumb-bell 

■  gnuliully  to  disnpfiear,  and  the  apherical   form  of  the 

le  lH>niiH{iliorM  to  be  changed  into  that  of  an  ellipse,  so  that 

I   at  length  the  exterior  outline  also  becomes  eUipticnJ,  and  there 

'    naiilta  a  form  presenting  two  ellipses,  one  nitimteil  within  the 

\  utlur  {Plate  FI.  fig.  3,  a).     The  iitill  further  coaleacence  of  two 

I  splMvido  partidoa,  would  end  in  two  perfect  spheres,  one  inside 

I  dw  other  {fig.  :\.ti). 

The  apinanuHia  of  a  nudeui  in  these  bodies  is  owing  to  their 
I  piiwwiiLPg  different  dcgive«  of  ilenaity.  In  fact,  formed  as 
I  tbey  arc  under  the  influence  of  gravity,  their  density  varies 
I  Mwinling  to  the  ilegrce  of  attractiuu  exerted  upon  their  particles, 
a  attractiuu  which  is  an  tlieir  distance  from  the  centre, — the 
I  ftiro  being  lca«t  at  the  centre,  and  greatest  at  the  circumference. 
«,  wlieo  looking  at  it  by  traoflmitted  light,  the  object 
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appearH  flat  with  a  nucleus.  The  coDceatric  liuninutioD  ii 
larger  concretions  ia  owing  to  another  cause,  viz.,  the  uni< 
suMemive  maaaea,  aa  iu  Fl.  IL  tig.  3,  h.  and  lig.  5.  All  thret 
Btogea  ID  the  fonnution  of  ttiese  bodies,  iiumely,  the  collecting 
of  the  spherical  pajlicles  into  globular  masses,  the  disintegration 
of  these  partidea,  and  the  final  arrangement  of  their  nioleculei 
in  a  laniinated  form,  are  all  the  effecta  of  the  same  rati 
uuiverBal  attraction  or  gravity.  The;  are  seen  not  only  ii 
microscopical  budiea,  which  have  been  ki  commonly  regarded  aft 
cells,  but  iu  urinary,  blli&rj,  and  iiit«stimit  calciilL 

WTieu  cryatalline  are  converted  into  globular  forma,  as  i 
ingenious  experimenta  of  Mr  Rainey,  who  niixed  a  watery  witb 
a  viscoua  aolution  of  an  earthy  salt,  he  suppoaea  that  the  twO' 
equal  molecular  masses,  iiiateud  of  attracting,  repel  each  other. 
They  will  then  arrange  themselves  in  a  spherical  form, 
which  the  central  molwule  will  retiiin  its  poeitioii,  whilst  tbotib 
around  it  will  be  thrown  into  diverging  lines  or  radii  going 
fivm  the  centre.  Two  such  groupa,  if  now  placed  aide  by  side, 
will  have  their  adjacent  moJeciilea  impelled  in  directioDa  which 
inlereect  one  another  (see  PI.  II.  tig.  18).  The  point  of  intersec- 
tioo  at  a  and  a'  will  denote  the  amount  of  the  attraction  of 
gravitation  necessary  to  balance  the  force  of  impidsion  acting  on 
the  molecules  at  a,  and  so  bring  Uiem  into  the  condition  of  rest. 
A  quadrilateral  figure  would  in  this  way  be  produced,  or  ft 
primitive  crystal,  and  the  sha{>e  of  such  crystal  would  vaiy 
according  to  the  density  of  the  fluid,  the  reUtive  size  of  tha 
masaea,  and  other  causes  influencing  the  amount  of  attraction, 
at  a,  a',  and  so  varying  the  angle,  A  C  B,  thus  forming  different 
angular  primitive  cryatala.  Thus  the  straight  radiating  fibres 
from  the  centre  to  the  circumference  iu  any  partiuular  body,  are 
in  their  nature  crystalline,  while  the  concentric  circles  are  not 
so.  Hence  attracting  and  repellent  properties  may  exist  in  one 
body-  The  whole  also  may  be  modified  by  chemical  and  electrical 
actions,  as  well  as  by  heat,  which  would  occupy  too  much  sp)u«  to 
caaaider  here.  It  is  satBcient  for  us  to  know  that  physical 
forces  may,  under  different  circumstances,  produce  crystals  from 
limpid,  and  globular  nucleated  bodiea  from  viscous  fluids,  and 
that  tha  latter  closely  resemble  those  forma  which  have  been 
generally  considered  as  oigaoic* 

It  results  from  these  obeervatioua  of  Ur  Itoiney,  and  from 

•  Up  pit.  PI..  U-tiSUldM. 
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il  iufestigalioDS  into  ttie  structure  of  shells,  especially 
t  the  lobster,  cmb,  oyster,  Ac,  that  many  forme  and 
i^  kithcrti)  uousidei-ed  a8  nJtugether  owiug  to  vitality  iu 
I  of  plautH  uud  aninuila,  ure  tiie  result  of  purely 
I    physiciJ  operations.    The  physical  law  of  molecular  disintegra- 
tion nltti  hoB  been  made  out  by  Mr  Itainey,  who  shews,  Ist,  That 

■  aphericnl  bodies,  formed  on  the  principle  of  universal  attraction, 

n  a  medium  of  given  deuaity,  become  in  one  of  gTeat«r  deustty 

gndoaliy  diaiutegrateil,  and  that  these  molecules,  at  first  com- 

plt:tely  separated, afterwards  re-amuige  themselves  in  freah  forms. 

Thus  the  nucleated  bodies  (PI.  II.  fig.  3)  soon  lose  their  shape 

when  kept  in  glycerin,  and  leave  a  membranous  organic  looking 

atruciure  behind  of  the  inspissated  ^uu.     Sd.  The  addition  of 

ncidi)  or  diemical  combinations  produce  similar  effects.     3d.  The 

B  results  occur  if,  when  the  artificial  calculi  are  well  formed, 

tbeyarv  put  into  a  glass  well  filled  with  the  solution  taken  from 

e  bottle,  and  so  secured  from  the  access  of  air  that  no 

I   altentlion  in  ita  density  or  chemical  composition  can  take  pltuip. 

I  This  last  is  a  moat  important  fact,  shewiug  that  the  same 

\  phymtiU  power  which  leads  to  the  furuuLtion  of  these  artificial 

wlien  long  continued,  leads  to  their  disintegration  or 

I  deMruvtion.     Ttime  clumgea  occnr  slowly,  and  require  time, 

I  bnt  their  ixmUimplatian,   when   regarded  as   purely   physical 

I  pfaanomena,  must  strike  us  with  surprise  as  being  closely  allied 

o  not  conceptions  of  the  progress  of  life  itself. 

&[r  firidgmiui  of  Norwich  has  shewn  that  bodies  jiroducetl 

I  sUnvly  by  Jdr  Itainey's  procera,  \aa,y  be  formed  iu  a  few  boun« 

I  by  luaertiiig  intu  viscans  sulutioua  of  carbonate  of  lime  tlic  two 

t  galvanic  battery  ;  and  he  further  concludes  from 

I  vsperiiiietils.  that  molecular  precipitation  is  influenced  by  elec- 

I  triad  currents,  so  tlu>t  if  a  tissue  be  in  a  uegative  state  it  grows, 

kitd  if  in  a  pcMitive  state  it  disintegrates.    "To  set  up  alisorp- 

I  Ckw,  liierefore,"  he  says,  "it  is  only  neoeswry  \a  induce  an 

"  *  condition  of  a  part"    Further,  he  haa  succeeded 

■  In  facming  artifidal  cartilage  and  bone  by  placing  ilentine  in 
"   min  or  white  of  egg,  and  inserting  the  wires  of  a  galvanic 

llnttnfy.     lie  says: — "Around  the  negative  pole  nill  be  found 

■  «  largt  maw  of  brilliantly  clear  and  transparent  jelly.    This 
t,  although  it  hfis  been  formed  out  of  albumin  only,  is 

\  MBlilvIy  >itere<l  iu  its  character.     It  is  no  longer,  like  albumin. 
laotnbU  in  wld  water,  or  coagulalile  by  heat.     It  lias  become 
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ideutical  With  the  mat«riii)  of  bnaemeiit  menibrone  and  bone 
cartilage.  .  .  .  The  portioD  formed  at  right  luigles  to  tlie  two 
poles  is  of  thia  chiiracter  in  its  Jensent  state,  alniust,  if  not 
quite,  equalling  the  deuaest  cartilage.  An  examination  by  the 
microscope  shews  thai  it  is  also  in  some  parts  thickly  atiidded 
with  peculiar  globular  cfjatala  of  lime,  closely  resembling  those 
Hgured  by  Mr  Sainej.  It  ih  thuH,  iu  its  composition,  striL-tly 
auolugouB  to  l>one  in  the  early  st^age  of  its  calcification."* 

I  have  examined  some  of  Mr  Bridgman's  preparations,  and 
can  confirm  the  accuracy  of  his  ileecriptiotis.  In  the  section  of 
a  young  horse's  tooth,  these  nucleated  bodies  may  be  seen  at 
the  margin  of  the  cruata  petrosa,  uniting  with  it«  substance  to 
form  bone  {P!.  V.  fig.  12).  When,  moreover,  we  compare  the 
concentric  riuga  and  laminse  surrounding  the  Haversian  canals, 
with  the  like  arrangement  existing  in  calculi  and  all  coucretions, 
there  can  be  little  doubt  that  the  mineral  deposits  in  bone  are, 
in  no  small  degree,  connected  with  the  molecular  law  of  aggre- 
gation. Many  years  ago  1  discovered  that  the  pellicle  which 
forms  ou  the  surface  of  lime-water  presentH  the  appearance 
represented  (PI.  II.  fig.  7),  and  clnsely  resembles  pavement 
epitlielium.  It  is  evidently  caused  by  llie  nucleated  ealaireous 
concretions  becoming  flattened,  and  adhering  at  their  edges,  9^ 
the  same  manner  that  epidermic  oells  do.  V 

Other  facta  of  great  importance  have  in  recent  years  been 
discovered,  having  relation  to  the  physical  oondition  of  viscous 
matter  in  the  animal  body.     Of  these  may  be  mentioned — 

1.  The  discovery  by  Graham  of  the  facility  with  which  aaliue 
limpid  solutions  pass  thmiigh  membranes,  whereas  those  of 
gimi,  dextrin,  gelatin,  albuminous  subatances.  &c.  pass  through 
with  great  difGciiIty,  or  not  at  all.  The  former  he  named 
crystalloids,  the  latter  colloids. 

2.  The  discovery  by  myself  of  the  manner  the  numerous 
hytkline  or  diaphanous  bodii^s,  so  common  in  morbid  products, 
are  prnduced.f  A  glutinous  matter  forms  within  the  su1)stance 
of  (vUs,  which,  under  certdiu  conditions,  may  be  squeezed  out  of 
them  by  pressure,  giving  rise  to  a  multitude  of  globular  trans- 
parent bodies,  which  fioat  luoae  in  (he  field  of  the  microscope 
(Plll.Ug.  11). 

•  On  U»  nhvirpUan  at  bono  mid  donUnii,  p.  11. 

t  Sh  ■■  Jourenl  ol  AoMoniy  "Bd  PtuHnlagr."  ™i.  I.  P-  321    18UT. 
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3d.  The  recent  expetiinenU  of  MoDtgniuciy  with  protagoQ,  or 
mynlui,*)!  8ulMta])(«iibt«iiie<)by  boilini^^'cilkofegg  withaJcohoI. 
On  the  arlditioo  of  wat«r,  tiiere  maj'  be  8e«u  shooting  out  fnnu  a 
masB  tif  it  under  the  microscope,  pmoessee  wliicb  oftan  nssume 
«  Hpiml  fonn  (PL  IL  fig.  ^\  or  enlarge  at  their  eitreuiities  to 
jiroiluMi  rouuded  kuobs,  liuriug  couceotric  circles  (PL  LL  fig.  9). 
When  broken  down  with  w»ter.  albumin,  glvcvrin,  semm.  or 
other  substattceH,  &od  acted  upon  by  weak  acetic  or  nitric  acida, 
Uiis  HutiMRnce  can  be  made  to  assume  the  form  of  arenhu*  aiul 
ehutic  fibres,  epind  <iuct8,  varicose  nerve  tnliea,  the  liitikeii  up 
■olMtMKe  of  liroin  and  spinal  coni,  or  nucleated  ccllH^simple 
BDit  oompoiuid,  pus  Hiid  cancer  cells,  and  iMxIies,  which,  like  the 
Mlirai;  cnrptucles,  exhibit  numerous  granulea  in  tlieir  int«rior, 
jmnwrniing  active  molecular  movements.  (See  PL  IIL  fig.  £9, 
ahedt.)  1  have  repeated  these  ei  perimenta  of  Dr  Montgomery 
Mill  AoniiAllj'nhen  to  my  praftiod  classes  the  artificial  cell.fibroUB, 
And  tubular  forms  which  may  be  thus  aKificiallj  produced,  f 

We  see  molecnles,  therefore,  combining  in  the  forms  of  crystals 
ftnd  ttuclodteil  iplierules,  tkud  inaamucb  as  we  have  duicovered 
the  pbysical  coDditioDs  on  which  they  depend,  and  can  produce 
them  artificially,  wu  have  tio  dillicaUy  in  clasBifying  tlieae  among 
purely  physicjU  phenomena,  even  when  they  occur  in  the  interior 
of  onimalA.  Bat  when  other  mulecules  unite  to  form  nuclei 
odU,  and  fibrra,  and  these  arrange  themselves  into  tissues  and 
ttrpOis  to  proiluce  plants  and  animals,  we  are  ignorant  of  the 
uoodiLiuUB  by  which  these  results  ore  brought  about ;  we  cannot 
imi&Ue  them  artificioUy,  and  we  are  cuolent  to  call  them  vital. 
That  is  to  Miy,  that  certain  acttoDs  originate  in,  and  are  directed 
by,  conditions  which  are  as  yet  undetermined,  but  which,  as 
they  only  ou?ur  in  ni^ganic,  as  distin^ished  from  inorganic 
faudiea,  cvnstitutc  vital  activity.  Not  that  un  organized  body  is 
inlqirudMit  of  physical  forces,  but  that  certain  influences  are 
oominniucatcd  to  them,  which,  aa  invariably  resulting  in  Rpecific 
fomH  or  properties,  make  up  the  aum  of  what  we  call  vitality. 
~     e  aliMi  seem  U>  be  governed  by  a  fixed  law. 


The  ritai  law  of  niolfcular  coalacaKt  and  dUiiittgraliim.—  In 

andeavnuring  to  determine   the   nature  of  vital  octiuna  ini- 

I  upon  moleiTukr  matter,  I  have  been  led  lo  the  fullow- 

la  tnnUBtJan  al  lo-nUiid  all*.    I 


IMT- 
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Ing  law  or  generalizatjoa,  namely,  that  the  DBVBLorMEHT  add   1 

1    TI8SDE8,   ARE    OWINO    TO   THE    HUCCES81VB    ] 
)    HTBTOLTTIC   MOLECPLEa.      W*    | 

bnve  iLlreuily  seen  that  derelopmeDt  and  growth  in  am 
originate  iu  the  moleculeB  of  the  yelk  uf  the  egg,  or  of  agemiinal  I 
molecular  niasB,  formed  from  organic  matter.  In  either  c 
would  appear  that  the  (irst  form  is  molecular ;  that  the  moleculea 
unite  to  produce  nuclei  and  cells ;  that  these  become  disintegrated  I 
to  produce  a  secondary  mads  of  molecules  ;  that  these  again  u&ita  I 
U)  form  secondary  nuclei  and  cells,  and  that  the  some  process  ii 
repeated  more  or  less  often  in  various  developments,  until  tho  1 
animal  or  tissue  is  formed.  This  constitutes  the  successive  J 
histogenetic  and  histoljtic  molecules,  observable  in  the  proceM  j 
of  growth — the  former  building  up  to  a  certain  extent,  and  tho  1 
product  disintegrating  to  produce  the  latter,  which,  after  a  j 
time,  again  re-arraugo  themselves,  and  become  histogenetic 
form  cells  or  tissues,  which,  in  their  turn,  break  down  and  I 
become  histolytic  We  sbaU  see,  tliat  not  only  development,  but  I 
that  growth  and  secretion,  absorption  and  excretion,  are  only  I 
different  names  given  to  histogenetic  and  histolytic  processes,  J 
and  that  these  are  brought  about  by  formative  and  diaintegrativB  1 


No  one  can  carefully  watch  the  mode  in  which  infusoria  a 
developed,  without  being  satisfied  that  they  originate  from  th* 
coalescence  of  molecules,  and   not  from   ova   or  spores,  as  h 
been  imagined.    On  u^aking  a  cold  or  hot  infusion  of  any  j 
vegetable  or  ouimal  substance,  covering  the  vessel  with  a  piece  1 
of  paper,  no  as  to  exclude  the  duat,  and  then  watching  it  every 
twelve  hours,  the  first  change  visible  to  the  eye  is  a  slight 
opalescence,  nud  the  formation  of  a  tliin  scum  or  pellicle  tliat 
floats  upon  the  surface.     This  appears  nt  times,  varying  from  a 
few  hours  to  several  days,  according  to  the  temperature  of  the 
atmosphere  or  the  nature  of  Lhe  iufusioo.    On  examining  the 
pellicle  or  film  under  high  magnifying  powers,  it  is  seen  to  b« 
composed  of  a  mass  of  minute  molecules,  varying  in  size  from 
the  minutest  visible  point  to  that  of  one  thirty-thousandth  of  on 
indi   iu   diameter.      These   molecules   are    closely    aggregated 
together,  and  must  exist  in  incalculable  number*.     (PL  II.  fig; 
111,  It)     They  constitute  the;»-i'i>)on/tW>n»couiite,Vfr  of  Burdouh, 
and  the  proligeroui  pelUde   of   Poucbet.      The  ^^ne  pellicle, 
examined  six  hours  Inter,  shews  the  molecules  to  be  somewhat 
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,Knd  these  Kpttmteil  by  the  pressure  of  the  upper  glaas 
aeeu  here  and  there  to  be  strongly  ml hering  together 
fntirs,  so  aa  to  form  u  little  cliain.  Muoy  twos,  alao, 
>n\Xy  melt«d  together,  ao  a^  to  form  a  short  sl^  or 
SlaiueDl — hic/erium.  fPl.  II.  6g.  10,  b.)  Twelve  hours  after 
Ibis,  It  iu»y  Iw  seen  that  the  grouping  of  the  molecules  in  twos, 
threes,  i-uid  four*,  haa  become  more  general,  and  that  aeverol  of 
them  form  new  groups  of  eight  lengthways.  Many  of  them 
have  nelteil  together  to  produce  longer  bacteria.  At  tlie  edges 
of  the  rooleculBT  tnaaa,  and  in  the  fluid  Biirrouniiing  it,  inny  now 
bd  fwm  a  vibmtile  movtiuent  in  the  shorter  bact«ria,  and  s 
aerpeati&e  movemeot  in  the  longer  ones,  whereby  they  are  pro- 
pelled ft-rwards  in  the  fluid— «t&^.  (PL  II.  fig.  10,  c  d.)  From 
the  aoeond  or  third  to  the  fifth  or  seventh  days,  the  vibrios  are 
lengtliened,  evidently  by  appoaitioa  of  groups  of  other  molecules, 
to  their  enda.  These  unite  together  endw&ya,  to  form  a  filament, 
whieh  may  eitend  a  third  or  half,  luid  in  a  few  cases  eutirely 
aouB  the  field  of  the  microscope.  (Fig.  10,  e.)  After  a.  time 
they  may  be  wen  luotioaleas,  evidently  dead.  Tim  occurs  at 
variou*  periods.  They  now  rapidly  disiutegrate,  and  thus  a 
aeeaai  molecxdar  mass  or  pellicle  in  produced.  In  this,  rounded 
mawfs  may  be  seen  to  form,  which  strongly  refract  light  not 
iinlike  pus  corpuscles,  or  the  colourlem  corpusclea  of  the  blood. 
HtMc  »iian  begin  to  move  with  a  jerking  motion,  dependent  upon 
■  litiratile  dlium  attached  tt>  one  of  their  extremities — Momu 
tau.  In  a  day  or  two  other  cilia  are  produced,  the  corpuscle 
ooUflps,  in  nucleated,  and  swims  through  the  fluid  evenly. 
V'ariod  forms  may  now  occur  in  the  molecular  mass,  dependent 
on  the  temperature,  seiuon  of  the  year,  eipoeure  to  auu-light, 
and  nature  of  the  iufusion,  all  having  independent  movements. 
Tliey  have  lieen  deuominated  Arnithte,  Paramerta,  VorticeUrr, 
KtJpoda,  Kfronir,  Olaurtrma,  Trachtiiva,  iff.  It  is  unneceaaary 
to  follow  the  development  of  all  the  forms  that  may  arine. 
llwy  urigiiukle  always  loug  after  the  primary  vibrios  are  pro- 
■Jaonl,  in  the  secondary,  tertiary,  or  even  later  molecular  masses, 
nanHtttg  fnnii  the  disintegration  of  prerious  forms.  • 

At  oth<>r  times,  it  hnjipens  that  the  moteculnr  moss,  instead  of 
hdt^  ttaiufiinued  into  animuicules,  gives  origin  to  minute 
fatigL     In  tills  case  the  molecules  form  small  masses,  whiuh 
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BOOH  melt  togetlier  to  constitute  a  globular  bojj',  frnm  whicli  «  I 
ptvcees  juts  out  on  one  siJa  These  are  Tortda,  which  give  off  I 
processea  which  are  aoon  tranaformeil  into  jointed  tuhea  of  J 
various  diameters,  terminatiag  in  rows  of  ajiorules  (PenidlUutn),  I 
or  capaiilea  containing  numerous  globular  seeds  ( AfpfTffiUu»)i  fl 
Occnsionally  filaments  are  formed  from  the  direct  mettingi 
together  of  molecules,  arranged  lungways  ( Leptotkrix).  (Se*1 
PI.  II.  fig.  10,/).  Why  the  inolecnlea  should  sometimes  ai 
themselves  in  long  rows,  and  at  others  into  rounded 
probably  dependent  on  vaiying  degrees  of  limpidity  and  v 
cositv.  But  why  both  these  forms  of  molecular  matter  shonl 
sometimes  possess  an  inherent  power  of  contractility,  and  ail 
others  not,  it  is  impossible  t»  yet  even  to  surmise.  1 
determination  of  this  point,  the  variations  existing  between  thftl 
different  kinds  of  fermentation  and  putrefaction,  are  evidently? 
dependent.  In  all  these  processes,  variedforms.whetheranimal  T 
or  vegetable,  may  be  seen  to  arise  in  a  dear  fluid,  from  tba  J 
coalescence  of  histogenetic  and  histolytic  molecules,  without  ovs  I 
or  spores  of  pre-existing  oi^anisms. 

The  development  of  the  Auxirit  mi/ilax  offers  another  excel-  J^ 
lent  example  of  the  molecular  law  of  organization.  In  ilescribing  ' 
it,  I  shall  follow  the  observations  of  au  independent  accurate 
observer.  The  figures  in  PI.  VII.,  therefore,  are  copied  from  the 
original  drawings  of  Dr  Nelson,  contained  in  Ids  prize  theaia, 
"  On  the  Development  of  Entozoa,"  presented  to  the  University 
of  Edinburgh  on  his  graduation,  1850.  A  portion  of  this  thesis 
and  some  of  the  figures  were  eubeequuntly  published  in  the 
"Philosophical  Transactions,"  voL  142,  for  1862.  From  the 
large  number  of  drawings  in  the  original  memoir,  it  has  lieeii 
found  necessary  to  make  a  selection,  so  that  several  of  the  inter- 
mediate changes  have  lieeo  omitted.  A  glance,  however,  at  tlie 
aeries  now  given  will,  I  truat,  convey  an  accurate  idea  of  what 
I  understand  by  growth  from  succesdve  histogenetic  and  his- 
tolytic molecules.  Figs  1  to  !)  represent  the  histugeuetic  changes 
which  take  place  among  the  molecules  deposited  in  the  ovarian 
tube  of  the  female  worm,  until  the  fully  maturated  ovum  (Fig. 
4)  passes  into  the  oviduct.  Fig.  5  exhibits  the  contact  with, 
and  entrance  of  the  spermatozoids  into,  the  oviim.  This 
act  of  impregnatiou  is  followed  by  breaking  down  or  fusion 
together  of  the  mule  and  female  elements  (Fig.  6),  and  the 
formation  of  a  chorion,  the  germinal  vesicle  being  still  visible 
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(Fig.  7).  This  also  soon  dissolves,  and  the  interior  of  the 
ovum  is  now  reduced  to  a  mass  of  histolytic  molecules, 
dense  in  the  centre,  but  beginning  to  clear  up  at  the  circum- 
ference (Fig.  8).  These  now  clear  up  still  further,  then  meet 
together,  concentrate  themselves,  and  form  histogenetic  mole- 
cules, as  seen  in  Figs.  9,  10,  and  11  ;  and  a  membrane  forming 
round  them  (Fig.  11),  another  included  cell  is  developed,  as 
in  Fig.  12).  This  divides  iteelf  into  two  (Figs.  13,  14). 
Each  half  sejxirates  into  other  two,  as  in  Fig.  15,  and  the 
]>roce&s  of  di\'i8ion  is  seen  going  on  in  Figs.  16,  17,  18,  19, 
and  20,  until  another  histolytic  mass  of  molecules  is  produced, 
as  in  Fig.  21.  From  this  mass  the  perfect  worm  is  formed 
directly  by  simple  coalescence  of  the  molecules,  wliich  again  be- 
c-ome  histogenetic  Tliey  unite  together,  concentrate  themselves, 
and  separate  from  the  vitelline  membrane.  Fig.  22.  A  cup- 
shaped  depression  then  occurs  (Fig.  23),  which,  passing  through 
the  mass,  forms  a  ring  (Fig.  24)  that  is  seen  to  be  divided  at 
one  place.  The  two  ends  of  the  ring  now  elongate  and  cross 
one  another  (Fig.  25),  and  the  molecules  go  on  coalescing  to 
form  the  body  of  the  worm.  This  next  becomes  spiral,  aa  in 
Figs.  26  and  27,  and  on  the  breaking  of  the  \4telline  wall  is  ex- 
truded as  the  i)erfect  animal  (Fig.  28).  During  this  process  the 
molecules  of  the  ovary  first  coalesce  to  form  the  ovum.  After 
fecun(L'ition,  the  spermatozoids  and  germinal  vesicle  disintegrate 
and  form  histol^i-ic  molecules.  The  mass  then  re-arranges 
itself  to  produce  an  included  cell,  which,  constantly  dividing, 
ii»  once  more  reduced  to  histolytic  molecules.  These  by  a  third 
act  of  histogenetic  coalescence  province  the  perfect  animal. 

In  this  and  a  vast  number  of  similar  observations,  which  will 
Ije  subsequently  referred  to,  it  must  be  e\'ident  that  a  certain 
series  of  molecular  transformations  is  necessary  for  the  one 
which  follows  it  Thereby  is  produced  a  continual  elaboration 
of  matter — a  constant  chemical  and  morphological  series  of 
changes,  the  exact  number  and  order  of  which  in  the  production 
of  organic  forms  only  require  time  and  j)er8everance  to  discover. 
r>oubtleas  various  conditions,  dynamical,  chemical,  and  vital, 
most  co-operate  in  producing  the  result,  and  they  must  all  influ- 
ence molecular  as  well  as  every  other  kind  of  combination. 
Such  considerations  and  facts  must  convnnce  us  of  the  error  of 
endeavouring  to  place  the  source  of  special  vital  action  in  any 
jjarticular  form  or  arrangement  of  organic  matter,  whether  fibre, 
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c«ll,  Dacleue,  or  molecule.  Each  aud  oil  of  tliese  elemenU  tinve 
their  vital  endowments,  which  re-operate  on  the  othera  ;  but 
inasmuch  as  the  molecular  eletuent  is  the  fir»t  iw  well  ns  tlie  last 
form  whictt  orgaiiiseJ  matter  assumes,  it  must  coustitute  the 
principal  foundiition  of  orgonisution  it^lf. 

The  Cell  ELEUEh'Ta  op  the  Tissinw.  ■ 

Dejiiikion. — By  a  cell  is  understood  a  miiTToscoptcal  abj«^^ 
coiapoBed  of  an  extemnl  envelope — the  cdl  ipall  or  nieniljrane^ — 
containing  an  included  body,  whidi  is  called  its  nueleiu,  oud 
having  between  the  nucleus  and  cell  wall  a  Hulwtaiice  itaniett 
the  proUiplajtm,  cell  mtp,  or  ceW  corUails.  These  three  cou- 
Btitnenta  of  the  cell  present  great  variation  as  to  thickueHa,  size, 
or  bulk  • 

Phi/aical  and  ckfmvxU  propertia  of  relit, — Tlie  cell  wall  is 
more  or  less  thick  and  resistant.  In  plants  it  is  frequently 
double,  the  inner  one  having  been  denominated  the  primordial 
utricle  by  Von  MohL  Occasionally  it  ie  not  sejiarable  from  the 
jirotupltLsm,  nor  can  it  always  be  shewn  to  exist  as  a  distinct 
membrane.  The  nucleus  is  usually  round  or  nvol,  is  solid  or 
hollow,  homogeneous  or  molecular.  It  vaiiea  in  size,  and  gene- 
rally contains  one  or  two  included  granules,  called  nudtoli.  The 
contents  may  be  fluid,  gektiuous,  or  xolid,  and  present  the  mole- 
cular, granular,  fibrous,  or  crystalline  forma. 

These  constitueots  of  the  cell  are  ahio  for  tlie  most  jmrt  of 
different  ehemicaJ  coraposition.  The  cell  wall  in  animals  is 
generally  albuminous,  and  is  partially  soluble  in  acetic  add.  In 
the  inactive  epidenuic  am)  cartilaginous  cells,  this  diuuge  does 
not  occur,  as  the  cell  walls  in  them  are  gradually  converted  into 
horn  and  chondrin.  Wlieu  actively  x>erforming  their  functions, 
the  walls  readily  adiuit  of  endusuiotic  currents,  swelling  out  on 
the  nddltioQ  of  wat«r,  and  collapeing  when  inuneraed  in  ilen»e 
solutions.     Tliey  may  be   i>eiidered  impervious  from  fatty  or 

■  III  nocDt  liniw,  vllh  m  vt*v  «f  sUII  ntetnlne  th<  ooll,  u  the  ultiinHs  cle- 
Dwul  of  ormnluUon,  (One  t»vt  ahewn  ttwt  It  niajr  gxlit  wiUiaut  Kb  utsniBl 
nil  (Mn  Bohullu),  mh)  vUicn  dwniinnnu  OaX.  %.  dudIeiu  I>  not  neiinHiry 

wltb  •  tualenilur  nmM,  uHl  tlut  the  nduptiun  ol  nicb  uotloiu  1*  cqulimleni 
to  ui   ftbinilDniiHjilt    ul    Ui*  Mil    Uieuiy.      U  in  elBia 
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mineral  degeneration,  and  thus  loae  their  active  properties. 
The  nucleus  is  usually  different  in  chemical  composition  from 
the  cell  wall,  iindergoiiig  no  change  on  the  addition  of  acetic 
acid,  and  frequently  becoming  more  dense,  with  a  thickened 
outline,  on  the  addition  of  that  reagent.  It  seems  to  be  more 
allied  to  the  fatty  than  to  the  albuminous  compounds.  It  ex- 
hibits a  marked  tendency  to  combine  with  pigments,  a  circum- 
stance which  has  recently  been  taken  advantage  of  in  displaying 
the  textures,  by  steeping  them  in  a  solution  of  carmine.  The 
contents  vary  greatly  in  chemical  composition  in  different  cells. 
They  may  consist  of  the  secretions  formed  in  the  numerous 
glands — may  be  watery,  holding  various  substances  in  solution  ; 
oily  or  fatty ;  pigmentary,  the  various  pigments  being  generally 
coloured  fats,  although,  when  black,  it  may  be  caused  sometimes 
by  melanin,  at  others  by  pure  carbon  ;  albuminous  and  sclero- 
ginous,  as  in  the  celLs  of  many  plants  ;  and  mineral,  as  in  many 
cellB  of  plants  and  animals. 

evils  may  vary  greatly  with  regard  to  their  size,  form,  and 
relation  to  each  other.  In  size  some  of  them  are  as  small  as 
the  3(H>>th,  and  others  as  large  as  the  400th,  of  an  inch  ii 
diameter.  In  form  they  may  be  round,  oval,  polygonal,  cylin- 
drical, caudate,  fusiform,  branched,  stellate,  &c.,  &;c.  They  may 
be  densely  crowded  together,  or  widely  scattered,  isolated  or 
aggregjited,  united  by  connecting  fibres  or  tubes,  or  separated 
by  various  kinds  of  substance,  called  xntercdLxdar  substance. 

Vanities  of  celU. — Cells  may  be  divided  into  three  classes: — 
1st,  Normal  isolated  cells,  which  never  proceed  beyond  the 
cell  form.  Tliese  are  l}Tnph  and  chyle  corpuscules,  blood,  nerve 
or  ganglionic,  fat,  pigment,  and  glandular,  secreting  cells. 
2d.  Cells  of  transition — that  is,  cells  which,  for  different  periods 
in  their  earlier  stage  of  development,  present  all  the  characters 
and  functions  of  cells,  but  the  tendency  of  which  is  to  be  trans- 
formed, or  so  arranged  as  ultimately  to  constitute  a  tissue. 
Among  these  must  be  placed  many  embryonic  cells  and  fibre, 
ef>ithelial  and  cartilage  cells.  3rd-  Cells  only  found  in  morbid 
conditions  of  the  tissues,  such  as  plastic  or  pyoid,  pus,  granule, 
cancer  and  tubercle  corpuscles.  Many  of  those  classified  among 
ckAl^  are  in  truth  only  nuclei,  such  as  the  chyle  and  blood  cor- 
pudcles  of  manmials,  tuljercle  corpuscles,  and  the  free  nuclei 
foond  in  certain  cancroid  growths,  especially  fibro-nucleated 
tuiroura.     To  avoid  unnecessary  divisions,  I  have  thought  it 
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udvisuble  at  preeeot  not  to  treat  specially  of  a  oudear  element 
the  titMiiesL 

Tht  orijfm  of  ctlU—Paasiag   over   the  riewB  of   the  oldal>J 
observers,  induding  those  of  Wolff,  Von   Baer,  Baapnil, 
others,  in  which  there  is  niuoli  tluit  invit<»  attention,  the  duc(, 
theories  advanced  on  this  subject  may  be  limited 

1.  TAf  theory  of  SiMadfn  and  Schiamn  (1630).— In  b  cyto- 
bloatema  or  amorphous  subBlAUce,  found  either  contained 
within  cells  already  existing,  or  else  between  them  ia  tie  form 
of  intercellular  substauce,  round  c<irpusclos  make  their  ajipcar- 
ance,  which  are  at  ftrst  stnicturelesB  or  minutely  grunular. 
These  enlarge  and  couKtitute  the  nudei,  around  which  a  cell 
wall  is  formed  by  molecular  dc^Hisitiou,  and  gradually  ezjiands 
by  the  progressive  reception  of  new  molecules  between  the 
existing  ones.  The  inUtrspave  between  tbe  cell  membrane  and 
the  cell  nudeus  is  at  the  »aiue  time  tilled  with  fluid,  and  thus  a 
undeal«d  cell  is  produced.  Cells  so  formed  may  remain  iso- 
lated, or,  by  subsequent  development  and  coalescence  of  their 
walls  ia  different  ways,  produce  all  the  various  textures.*  Thus 
all  tissues  are  derived  from  cells,  and  "  the  cause  of  nutritiou  and 
growth  resides,  not  in  the  organism  as  a  whole,  but  in  the 
sepsinte  elementary  parts — tit  cfllg."  + 

2.  The  tkeon/  ofGoodiir  (1845).— It  is  not  so  much  the  cells  as 
the  nadei  of  the  lextaren  which  are  the  [Kil«utiul  elemeutnry 
paris  of  the  oi^ganism,  and  which  tlierefore  may  he  called 
cenlret  of  niiirUvm  or  centre*  of  gfrmitutiiim.  "As  the  entire 
iirganiam  is  formed  at  fir«t,  not  by  simultaneous  formation  of 
its  poriD,  but  by  the  succemive  development  of  these  frun  cue 
centre  "  (the  germinal  spot  of  the  ovum),  "  so  the  various  part« 
arise  each  from  its  own  centre,  tliis  being  the  original  source  of 
all  the  ceutreo  with  which  the  part  is  ultimately  sugiplied, 
From  this  it  follows,  not  only  that  the  en  ' 
been  stated  by  the  authors  of  the  celluhu-  theorj-. 
simple  lit  developed  cells,  each  having  a  peculiar  independent 
vitAlity,  but  that  there  is  iu  addition  n  division  of  the  whole 
into  de|virtmeuta,  each  ci>nt4uuing  a  certain  number  of  simple  or 
develojied  cvlla,  all  of  which  hold  certain  relations  to  one  central 
or  capital  cell,  around  which  they  are  grouped.     It  would  api>ear 
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that  from  this  central  cell  all  the  other  cells  of  its  department 
derive  their  origin.  It  is  the  mother  of  all  those  within  its  own 
territory."* 

3.  The  theory  of  Huxley  (1853). — A  homogeneous  plasma  first 
existe,  in  which  spaces  {vacuoles)  are  formed,  and  these  contain 
the  cell  wall,  contents,  and  nucleus.  The  walls  of  these  spaces 
are  called  periplasty  the  nucleus  endoploM.  This  last  he  con- 
siders comi>aratively  an  unimportant  element.  "  The  periplast, 
on  the  other  hand,  which  has  hitherto  passed  under  the  names 
of  cell  wall,  contents,  and  intercellular  substance,  is  the  subject 
of  all  the  most  important  me  (amorphic  processes,  whether  mor- 
phological or  chemical,  in  the  animal  and  in  the  plant.  By  its 
differentiation  every  variety  of  tissue  is  produced ;  and  this 
differentiation  is  the  result,  not  of  any  metabolic  action  of  the 
endoplast,  which  has  frequently  disappeared  before  the  meta- 
morphosis begins,  but  of  intimate  molecular  changes  in  its  sub- 
stance, which  take  place  under  the  guidance  of  the  ^  vis  essen- 
tiaiis,'  or,  to  use  a  strictly  positive  phrase,  occur  in  a  definite 
order,  we  know  not  why."t 

While  each  of  these  theories  has  numerous  facts  in  its 
gup{>ort,  no  one  of  them  is  capable  of  embracing  all  the  facts  of 
organisation.  Thus  there  are  several  tissues  which  have  never 
been  known  to  contain,  or  to  originate  from,  cells,  such  as  the 
sarcolemma,  Wtelhne  membrane,  anterior  and  posterior  layers  of 
the  cornea,  and  capsule  of  the  crystalline  lens.  The  blood  cor- 
pa^icles  of  mammals  are  not  cells,  but  nuclei.  The  striated 
muscular  fibre  has  been  shewn  by  the  researches  of  Savory, 
Lcxrkhart  Clarke,  and  Braidwood  to  be  formed  from  the  mole- 
cular mass  outside  the  embryonic  nuclei,  while  the  mineral 
matter  of  bone  is  first  deposited  in  the  intercellular  substance, 
outside  and  often  at  a  distance  from  the  cartilage  cella  These 
facts  are  opposed  to  an  exclusive  cell  theory,  as  they  are  also  to 
a  nuclear  or  germinal  centre  theory.  It  is  true  the  originator 
of  this  last  doctrine  was  obliged  by  them  to  extend  the  influence 
of  his  centre,  externally  over  a  certain  distance  or  territory, 
whereby  he  hoped  to  embrace  the  actions  which  are  carried  on 
in  the  intercellular  substance.  But,  as  pointed  out  by  the  sup- 
porter of  the  thinl  theory,  the  centre  often  disappears  while 
development  in  the  matter  outside  it  is  active.     A  study  of  the 

*  Goodaii's  Anatomical  and  Pathological  Obfientitions,  pp.  1  and  ^<f^ 
t  Brit,  and  For.  Iffed.-Chir.  Review,  vol.  xU.  p.  306.  ^^^~*V^ 
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development  of  the  skeleton  proves  tliat  mineral  matter  is  first 
itejKiaited  outeiile  eella  nnd  their  nuclei,  and  pioceeils,  uot  from, 
but  towards  them  ;  while  th?  eiirthy  niatter  (ift«ii  nasumes  forms 
thst  no  known  combination  of  c«Ila  ctm  be  Bup)x«ed  to  prodii 
On  the  other  Itand,  there  ctm  be  no  doulit  that  in  raxaj 
ilevelopmeut  does  proceed  from  the  wntre,  by  proliferation 
of  the  nucleus  and  of  the  cell  ;  ho  that  the  diflicnltioB  ' 
upon   as  by  eai:h  of  these  theories  simply  depend  upon 
excbisive  character. 

4.  Tht  thenrg  of  the  Anthttr  (185.1).— It  was  at  the  meeting 
the  British  Association  in  Eiliuburgh  (1850)  that  I  [lointed  out 
to  the  Physiological  sub-section  the  defects  of  the  cell  theory, 
aa  explanatory  of  the  fomiatinu  of  various  texturea.  In  1S52 
I  read  onothor  paper  on  this  subject  to  the  Physiological  Societj 
of  Edinburgh.'*  But  it  was  at  the  Glasgow  meeting  of  tht 
British  AjModatioD  in  1655  1  brought  forward  the  moji 
theory  of  organ  iaation,+  which  may  be  sliortly  stalwl 
The  ultimate  parts  of  the  organisation  ai'e  not  cells  nor  nuclei, 
but  the  minute  molecules  from  which  these  are  formed.  They 
possess  iudei>eudent  physical  and  vital  properties,  which  enable 
them  to  onite  and  arrange  themselves  so  us  t«  produce  higher 
forms.  Among  these  are  nuclei,  cells,  fibres,  aud  roenibnum, 
oU  of  which  may  be  produced  directly  from  molecules.  Tin 
development  and  growth  of  organic  tissues  is  owing  to  die  mo- 
cessive  formation  of  hiutogenetic  and  lustolylic  woloculea,  Tho 
breaking  down  or  solution  of  one  subtttance  is  often  the  necessatyi 
Htep  to  the  formation  of  another  ;  so  that  the  histolytic  or  tli  ~ 
tegrative  molecules  of  one  period  become  the  htstogcnetif 
formative  molecules  of  another.^ 

This  theory  unites  the  views  of  Schwann,  (joodsir,  and  Hux- 
ley, and  explains  the  otherwise  irreconcilable  ideas  concemin^i 
development  sometimes  proctsdiiig  from  the  nucleus,  at  othen 
from  the  cell,  and  at  others  from  the  iutercelluhir  sulwtanee.  It 
is  supported  by  all  that  is  known  of  development,  and  more 
ea|iecinlly  by  the  former  accurate  observatioue  of  Schwann,  as 
well  as  by  the  recent  rcaearchca  of  R-uuey,  Savory,  C%rke,  and 
BeiUc  The  lost  physiologist,  however,  in  addition  to  the  facta 
he  has  described,  has  advanced  the  foLowing  theory  ; — 

•  Eillnburgh  Uonthly  Jsiinul,  Hir  mt,  p.  470. 

t  Rspan  at  iiia  Brltlah  AaocIaUoo  Inr  the  AdiwiamiEnt  at  SolenFe.  IStG, 
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The  theory  of  Beale  (1861). — Every  living  elementary  part  (a 
cell)  is  composed  of  matter  in  two  states,  one,  living,  active,  for- 
mative ;  the  other,  lifeless,  passive,  formed.  The  first  he  calls 
germinal  matter,  which  corresponds  generally  to  the  nuclei  of 
the  tissues,  but  also  to  the  entire  colourless  blood  and  pus  cell. 
It  alone  selects  pabulum,  and  has  the  power  of  re-arranging  its 
elements  so  that  the  various  materials  characteristic  of  the  dif- 
ferent tissues,  including  cell  wall,  intercellular  substance,  and 
the  secretions  are  formed.  By  its  division  and  subdivision,  the 
multiplication  of  cells  is  effected,  nutrient  matter  or  pabulum 
enters  from  without,  permeates  jthe  formed  material,  and  flows 
towards  the  germinal  matter  as  to  a  centre.  There  it  ia  ani- 
mate<l  by  the  existing  living  matter.  Tlie  origin  of  new  centres 
of  li\'ing  matter  is  always  within  pre-existing  centres.  Matters 
that  have  once  lived  pass  outwards  to  constitute  formed  or  in- 
animate substances,  so  that  what  was  first  formed  is  that  which 
is  most  external,  and  at  the  greatest  distance  from  the  germinal 
matter.* 

It  will  not  be  denied  that  in  the  living  body  organic  matter, 
which  enters  it  as  food,  was  once  alive,  and  when  converted  into 
what  Dr  Beale  calls  i>abulum,  and  deposited  in  the  body,  is 
again  capable  of  liWng,  although  in  a  different  structural  and 
chemical  form.  It  must  also  be  admitted  that  some  organic 
parts  may  be  more  active  tlian  others,  and  portions  of  them  are 
constantly  dying  and  disappearing  to  give  place  to  new  ones. 
This  constitutes  what  I  have  called  histogenetic  and  histolytic 
changes.  We  can  agree  with  Dr  Beale,  therefore,  in  considering 
geneniUy  that  some  {arts  in  the  organism  are  alive,  whilst  others 
are  tiding  or  deaiL  The  action  of  lus  germinal  matter  and  ger- 
imniil  centres  differ  little  from  what  was  described  by  Goodsir. 
Bat  when  it  is  maintained  more  s|)ecifically  that  the  living  parts 
are  the  germinal  centres  only,  and  that  all  the  textures  outside 
and  l^tween  them  are  lifeless,  that  is  dead,  such  a  view  is  irre- 
«.^^ncilable  to  wliat  appears  to  be  the  most  obvious  physiological 
facts.  According  to  this  theory,  for  example,  the  interceUular 
matter  of  cartilage,  the  striated  substance  of  muscle,  and  the 
greater  portion  of  nerve  are  jjossive  and  lifeless,  yet  in  the  first 
occur  those  active  changes  whereby  cartilage  is  transformed  into 
bone;  in  the  second,  those  active  contractions  which  produce 

•    On  the  Structure  of  the  Simple  Timues,  8vo.    London.    1861.    See  also  "  On 
ProtoplAsm»"  12mo.    London.     1870. 
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motiou;  and  iu  the  third, IhBtactiveseUBibilitywhicb  geuemtea   I 
and  Iransmite  an  iofliuiuci:  whvu  excited  bf  viirious  fitimuli    All  j 
these,  we  niwutmn,  ure  esuntiallv  vital  octiuas,  which  can  t 
np]iropriateIy  be  refeired  to  dead  suViatance. 

The  recent  modification  of  t1ie  molecular  theory  by  Huxley, 
whu  supposes  tluit  all  protojijsanis  ore  the  same,  nud  capable  of  I 
being  converted,  as  such,  into  one  another,  Is  opposed  U>  obser-  I 
vation.     Wliat  we  have  pointed  out,  tind   shall  mibsequently  I 
further  (lemunBtrat«  la,  that  nutritiou  m  ilepemlent  upou  a  si 
of  kiBtogeaetic  and  hiatolytie    changas    of    the  protoplasm 
molecular  bams,  without  which  developmeut  and  function 
not  be  perfonned. 

Beprudwetu/A  <^  <xM*. — Cells  once  fonned  may  propagate  \ 
tbemBelves  in  four  ways; — (1.)  BiuiQtienoa^ii — cell  may  ( 
within  cell  ;  (2.)  Kcogenoudj/ — the  included  contents,  molecular 
or  nuclear,  may  be  extruded  from  the  cell,  and  form  cells 
outside  it ;  (3.)  Fitiparotali/ — the  cell  itself  nvay  divide,  and 
separate  to  produce  new  cells  \  and  (4.)  Gemmiferoutly — a  bud 
or  small  pi'oceas  may  be  given  off  from  the  cell  wall,  which  may 
separate  and  be  developed  into  a  uew  cell.  All  theee  modea  of 
cell  reproduction  may  often  be  mxB  proueoling  together  ii 
plant ;  but  in  animitls  the  Rmt  two  ure  the  most  common  ii 
adult,  and  the  thinl  in  the  embryo,  In  either  case,  the  trans- 
formations may  be  traced  to  tkt>  active  properties  of  their  mole-  i 
cular  constituents.  Inside  a  cell,  moleculeH  may  be  precipilAted, 
as  well  as  outeide.  and  there  become  ol>odient  to  physical  aiid 
vitftl  conditions,  whereby  tliey  sometimes  produce  crystals  and 
inorganic  masses,  at  others  nuclei,  included  cells,  and  other 
organic  products. 

FnitctioTU  of  edit. — Various  cells  possess  ditrerent  vital  en- 
dowments. Whilst  some,  like  the  blood  coi-puscles,  remain 
JButated,  and  assist  in  elaborating  the  fluid  in  which  they  re- 
main, others  are  gnuiuully  tnuiafonued  into  the  different 
tissues  of  the  body,  in  order  to  give  it  support,  ductility,  and 
lirmnoBs.  A  third  kind  ate  busily  occiipinl  in  socreting  Huida, 
emjitying  them  into  reservoirs,  and  conducting  matters  which 
would  be  injurious  out  of  the  economy.  Thus  they  are  the 
organs  of  secretion  and  excretion.  A  fourth  class  either  store 
np  pigment,  which  gives  colour  to  the  textures,  or  oranimulate 
]iure  oil  or  wax  for  important  chemical  or  other  pur|>08es. 
(iftli  class  are  endowed   with  contractility.     So  long  as  : 
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tbM0  cell  prorosses  go  on  ImnnoAloiiJily,  health  ia  jireserveiJ. 
But  aonietimea  n  cliH«iu<et]  ctiuditfon  ia  set  up  hy  au  uxmss  or 
diniiailtioii  of  one  kind  or  ftnotlin-.  The  blooil  c«lla  oiity  be 
too  tH&ny  or  too  few.  Gkndulnr,  epithelial,  Rbroiia,  oartiln- 
ginotu  or  osseous  growtha  maj  fonu  from  their  local  iuureasK. 
UnusQAl  cnloratioas  ma/  b«  given  to  Ibe  texturua,  or  ubeeity 
ocauduned,  by  multi{iliaittion  (if  pigment  oells  is  the  one  case, 
■nil  KilijKiae  cells  iii  the  other.  Mot  unfreqiiently  a  material 
ia  ptitiTed  out  fruiu  the  blood  in  »  fluid  stute,  wliiuh  cougulattiB 
in  «  molecular  maaa,  uid  then  a  new  Met  of  (.'ells,  auch  an  pus 
Oflk.  upriii^  u]>  in  it,  which  break  it  down  once  again  into  a 
pnlpy  ur  diffluent  ms^  and  at  length  by  tlieir  own  Uiaintegra- 
tiiMi,  alUiw  tbe  whole  to  be  absorbed.  Or,  na  in  the  case  of 
atUKtx  e«lbi,  thnw  new  formations,  by  [loaaessing  independent 
puwHr  of  (levelopinMit,  pve  origin  to  uncontrollable  local  and 
lienerml  growtlts  of  a  fatal  character. 

Tliw»  vanoUH  eudowmenta  constitute  the  poeuliur  vital  pro- 
pertia  iif  cells,  and  prove  that  each  must  poesesa  [lowers  of 
■ttnctian  anil  nelw^tioD.  By  nttntction  it  draws  from  tlie 
DMghlnuriDg  bJBJtcma  tlie  materinJ  necessary  for  itu  own  growth 
and  •oatenauce,  which  it  converts,  by  a  subtle  cheuiiatry  of  its 
own,  intu  a  variety  of  products.  By  selection,  one  cell  appro- 
IMtktan  thia  mattur,  and  another  that — often  rejecting  the  sub- 
aUiuw  Uiat  is  greeilily  seized  upon  by  its  nt^ighlioiir.  In  the 
lugber  aninuUH,  the  nutritive  Uood  appears  to  be  tJie  same  in 
different  organs ;  and  yet  we  see  cells,  apparently  similar  in 
dnctiuti  and  chemical  oompodtion,  forming  from  that  blood  a 
riauKta  miiva,  on  odd  gastric,  or  an  alkitline  iniicreatic  juice. 
Tb«>y  also  poMom  physical  jiropcirtiles  which  are  essential  to  the 
rjl*l  ones,  autoug  which  most  \»  ciasBed  tlie  power  of  endos. 
tatmr  lUii)  cxoHmoae,  and  the  chemical  differences  previously 
pointxl  out  to  uxint  Ixttweun  nucleus,  contents,  and  cell  wall. 

(WI  moremntt*. — In  the  aniue  w»y  that  inoloculcs  have  move- 
■■nntii  peculiar  to  thsmaolvefl,  so  in  certain  cnaea  bave  th«  other 
I  of  tiie  cell,  such  as  tbe  nucleus,  protopksm,  and  cell 

The  emliryonic  heart  of  the  chick  may  often  be  seen  to 
1  irf  cells,  each  of  which.by  its  contractile  movements, 

I  bi  giro  the  organ  its  power  of  propulsion.     Infuaoriiil 
a,  eousiating  of  nuclentcd  cells,  aluwly  or  quickly 

iiid  contract  their  cell  walls.     The  fibre  cells  scattered 

I  the  adult  tissues  do  the  snnu:.     Ill  the  stalks  of    Voni- 
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eellit  is  a  apiml  fil&ment,  formed  from  tlie  nnclens,  having  c< 
tractile  power,  as  have  the  litiuueats  of  spenuatozoida,  devdoped    ^ 
within  cells.     The  walls  of  celts,  again,  have  frequently  hair- like    ' 
proueBses  atbwhed  to  them  exCeronlly,  which  are  iu  cooBtant 
movement,  andiiro  t«rmed"  cilia." 

Condition*  litrettary  for  cell  ii/e. — The  development  of  cells  ia  . 
dependent  on  certain  conditioua,  which,  so  (ar  da  we 
ocquuinted  with  them,  nppeai- to  he  as  fallows  ; — (1.)  They  must 
bear  a  uertaiu  relation  to  a.  nutritive  fluid  or  bUutema,  from  ! 
which  they  can  attract  and  Helect  the  various  iubstoncea  necee- 
airy  to  enable  them  to  carry  on  their  reepective  functions.  The 
most  active  growing  cells  are  those  that  swim  in  such  a  fluid. 
In  the  higher  platita  and  auimala,  the  nutritive  fluid  (sap  or 
blood)  ia  distributed  throughout  the  economy  in  a  auries  of 
canals.  (2.)  A  uertain  tempei'ature  is  necessary  to  ceil  life,  a«  . 
it  will  not  continue  btslow  zero  or  above  14^^  Fahr,  As  »  { 
general  rule,  a  low  temperature  checks,  while  an  elevated  ( 
is  favourable  to  cell  growth.  (3.)  Room  for  expansion  is  neces- 
sary to  perfect  eell  formation.  They  grow  most  rapiiUy,  and 
arc!  beat  formed  in  fluids  or  vety  moist  substances.  When 
they  begin  to  press  u|>on  one  another,  or  upon  nuyieldiug 
tisanes,  their  develoiiment  ia  checked  or  deatroyed.  (4.)  An 
ni>propriate  locality  has  evidently  a  great  influence  over  cell 
formation,  and  this  independent  of  mere  temperature  and  the 
other  circumstauces  referred  to,  This  is  well  observed,  not  only 
in  nature  generally,  but  iu  the  reproduction  of  tissues  Iu  man ; 
the  uew  matter  originating  the  eelLs  being  in  most  CAUva  the 
same,  but  more  or  loss  governed,  iu  respect  of  the  ultimata 
■lerelopment,  by  the  neighbouring  structures.  Lnatly  :  Ths 
phyaical  oouditioD  of  the  cell  itscdf  governs  ita  development. 
If  the  cell  wall  liecoraee  infiltrated  with  mineral  matter,  liquidn 
do  not  readily  pass  tlirough  it  ;  if  the  cell  fluid  becomes  loaded 
with  oIlmminoUB,  fatty,  or  mineral  aubetauces,  or  if  the  nucleus 
iliaappear,  the  growth  and  fuuctiun  of  tlie  cell  arc  destroyed. 
The  conjoined  integrity  of  cell  wall,  contents,  and  nucleus, 
Hoems  to  be  necessary  for  cell  life,  of  each  of  tliese  o^ierates  oa 
ihv  others,  and  on  the  surrounding  blnsti-nm  by  eudosuioso  and 
exoamose.  fiells,  therefore,  are  uot  nbaolut«ly  Ibe  simple  ela- 
uieutary  porta  which  some  consider  tliem  to  be,  but  complex 
structures,  in  which  at  least  three  diatiuct  eubstauces  enter  to 
make  the  wholn.    Compared  with  molecules,  they  are  a  higher 
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stage  of  existence,  and  essentially  connected  with  the  most  im- 
portant vital  processes  of  the  economy,  such  as  nutrition,  secre- 
tion, and  reproduction-  Conjoined  with  other  elements  of  the 
textures,  they  are  also  essential  to  locomotion,  sensation,  and 
mental  acts.  Each  individual  cell,  like  every  molecule,  is  en- 
dowed with  a  distinct  life  of  its  own,  but  of  a  more  complex 
character.  It  is  bom,  grows,  arrives  at  maturity,  declines,  and 
dies.  Many  cells  may  even  reproduce  their  own  species,  while 
others,  by  further  development,  are  transformed  into  still  higher 
forms  of  tissue.  Hence  our  notions  of  life  in  general,  as  seen  in 
the  compound  organism  of  a  tree  or  a  man,  must  always  have 
reference  to  the  multitude  of  minute  molecules  and  cells,  the 
united  lives  of  which  make  up  its  own. 

Perhaps  nothing  has  more  tended  to  revolutionise  medical 
practice  in  recent  times  than  the  establishment  of  the  cell  theory. 
We  observe  that  most  of  the  great  functions  of  the  economy  are 
carried  on  through  the  agency  of  cells,  and  that  even  patho- 
logical states  are  entirely  owing  to  their  existence,  development, 
and  degeneration.  Thus  pus — that  fluid  which  surgeons  for- 
merly considered  as  a  deposit  or  secretion  foreign  to  the  frame, 
irritating  in  its  nature,  and  which  therefore  ought  to  be  let  out 
of  the  body  as  soon  as  possible — is,  like  the  blood,  a  bland  living 
fluid,  crowded  with  multitudes  of  compound  animal  existences, 
which  are  bom,  live,  and  die  as  man  himself  does.  That  di*eaded 
disease,  cancer,  owes  its  so  called  malignancy  solely  to  the  power 
of  endogenous  repnxluction  possessed  by  its  cells  ;  while  all 
alterations  of  texture,  of  nutrition,  of  secretion,  and  of  develop- 
ment are,  in  truth,  comiected  with  their  history.  The  conditions 
or  laws  which  regulate  cell  life  therefore  become  of  immediate 
practical  imi)ortance  to  the  physician  and  surgeon.  Thus  the 
growth  of  cells  is  influenced  by  the  same  circumstances  as  influ- 
ence growth  in  general.  Cold  and  heat  have  long  been  recog- 
nised as  the  most  powerful  means  of  checking  or  hurrying 
forward  the  evolution  of  young  phints  and  animals.  This  is  the 
exf>]anation  of  the  effects  of  these  agents  on  the  products  of 
inflammation.  Does  the  surgeon  wish  to  prevent  suppuration — 
he  applies  cold  lotions  or  ice  ;  if  he  wishes  to  favour  it,  he  ap- 
plies warm  poultices.  In  the  same  manner  as  the  horticulturist, 
when  he  desires  to  force  fruit,  places  the  plant  in  a  hothouse, 
and  supplies  water, — so  does  the  surgeon  surroimd  his  indurated 
abacesB  with  a  local  hotbed  of  heat  and  moisture.     So  likewise. 
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the  influence  of  compreasBa  and  preasHre  in  reatraiiiing  or  re- 
tarding growth  fiuda  its  explnnatiou  iu  the  necessity  all  rapidly 
growing  parts  experience  for  room  to  e!i]KLnil  in.  We  have  pre- 
viounly  tMoa  that,  inaamnch  aa  cells  are  dependent  on  the  exist- 
euce  of  a  molecular  blastema,  so  the  conipoMtion  of  tMs,  aa 
iufliienced  by  food  and  drugs,  must  point  to  a  mmlification  of 
cell  functiog.  But,  above  all,  the  vitality  of  these  minute 
structurnJ  eletnentti  Iwing  inherent  in  tliemselvea,  ronst  convince 
medicnl  meu  that  the  morbid  changes  which  they  origiQat«  are 
extra-vascular,  and  thus  indiici)  them  to  look  beyond  that  former  , 
common  explanation  of  disenae — namely,  the  so-cailed  "  action 
of  the  vessels"— for  an  explanation  of  pathological  phenomena. 
Hence  the  conviction  of  the  iuiittlity  of  bloodletting  anil  other 
remedies,  which  used  to  be  so  jtopolar. 

The  varieties  of  cells  liave  betn  provioHBly  referreil  to,  we  have 
now  to  describe  the  special  clinracters  and  functions  of  ea^h. 

Ciiri.B  ASD  LnirH  Corpusclkb. — Chgh  differe  from  lymph  in 
poBseasing  a  molecular  basis,  discovered  by  Gulliver,  consisting 
of  minute  particles,  varying  in  size  from  a  point  barely  visible 
to  the  l-^,00()th  of  an  inch  in  diameter.  They  are  the  result 
of  the  primary  digestion,  and  are  composed  of  oil  snrrouiided  by 
a  layer  of  itllmmiu.  They  strongly  refract  light,  and  are  solubla 
in  an  excess  of  ether.  Floating  amon^.  these  we  observe  ^ 
granular  aud  gjulnilar  bodies  about  tlie  I'-llKHItli  of  an  inch  in 
iliameter,  which,  on  the  addition  of  acetic  acid,  exhibit  a  thicker  - 
margin  tlian  they  did  Iwfore.  In  chyle  taken  from  the  thoracic 
dnct  there  are  also  bi-concave  flatteueil  iliaks,  exoutly  resembling 
the  coloured  blood  corpunrles  in  aiite  and  form,  but  destitute  tl 
coloar.  Between  tliese  two  kinds  iif  corpuscles  all  kinds  of  in- 
termediate clionges  may  be  oltserved,  so  thai  there  can  be  little 
doubt  that  the  former  become  flattened,  and  are  changed  into  | 
the  latttT.  Tliey  are  in  fact  embi7o  blood  corpuscles,  which 
become  coloured  in  the  luuga.     (See  Sanguification). 

Lpnph  is  a  transparent  duii.1,  which  vontaiuD  a  few  molecules 
and  calls,  the  hittw  varying  in  sixe  from  the  20iN)th  U>  the  lOrtOth 
of  an  inch  in  iliameter.  They  are  glolndar  in  shajie,  of  mole- 
cular aspect,  l]»viug  a  distinut  evil  wall  and  nucleus.  On  the 
addition  of  water  they  are  enlarged  by  eodosmoBa,  while  acetic 
add  dissolves  the  cell  wall,  and  eilubiis  the  nucleus  as  a  single, 
double,  or  tr]partit«  granular  body.    Occa^oually  it  Is  oval,  elon- 
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gated,  bent,  and  crescentic.  These  bodies  are  identical  with  the 
colourless  cells  of  the  blood,  and  may  be  seen  in  that  fluid  and 
in  the  chyle,  mingled  in  varying  numbers  with  other  cor- 
puscles and  molecules  (See  PL  III.  figs.  1,  2,  and  14). 

Blood  Corpuscles. — Three  kinds  of  corpuscles  exist  in  the 
blood — 1st,  a  few  molecules,  which  are  those  of  the  chyle,  and 
are  generally  increased  in  number  during  active  digestion. 
id,  colourless  cells,  which  are  identical  with  those  of  lymph  just 
noticed  ;  and  3d,  coloured  corpuscles,  which  are  the  essential 
elements  of  the  sanguigenous  fluid.  These  last  require  special 
notice  here. 

Shape. — In  man  and  mammals  generally,  the  form  of  the 
coloured  blood  corpuscles  is  that  of  a  bi-concave  circular  disk 
(PL  III.  fig.  3).  Examined  by  transmitted  light,  the  circular 
margin  and  shadowed  spot  in  the  centre  is  dark  or  light 
according  to  the  focal  point  in  which  it  is  viewed.  Seen  edge- 
ways, it  presents  either  a  straight  line  or  a  slight  double  con- 
cavity on  each  side.  Tliey  have  a  great  tendency  to  turn  on 
their  side  and  form  rouleaux  (PL  III.  fig.  3  and  13).  Their 
shape  undergoes  rapid  alteration  on  the  occurrence  of  evapora- 
tion, when  the  blootl  is  exposed  to  the  air,  the  margins  becoming 
irregular,  crenated,  serrated,  or  beaded  (PL  III.  fig.  4).  The 
same  occurs  after  the  addition  of  various  re-agents  as  will  be 
seen  further  on.  In  the  Camdidag^  as  was  first  shewn  by 
Mandl,  the  corpuscles  are  oval,  not  flattened,  and,  like  the  bi- 
concave circular  disks,  contain  no  included  body.  In  birds, 
reptiles,  and  fish,  the  corpuscles  are  oval  (PL  III.  fig.  6,  a,  6,  c,^,/). 
The  oval  varjong  in  the  bird,  saLamander,  and  frog.  These 
corpuscles  are  distinctly  nucleated,  and  are,  therefore,  cells.  In 
the  invertebrata,  the  shape  varies  much,  lieing  globular,  oval, 
or  fusiform  (PL  III.  fig.  6,  k).  They  may  be  also  cellular, 
uucleai',  or  molecular. 

When  examined  by  a  good  oblique  direct  light  on  a  black 
ground,  Dr  J.  W.  Freer  of  Chicago,  shewed  me  that  the  coloured 
blood  corpuscles  of  man  and  of  the  frog  exhibited  a  prominence 
in  the  centre,  as  shewn  (PLite  III.  fig.  12).* 

Colour. — The  colour  of  the  blood  corpuscles,  as  seen  under  the 
microscope,  is  that  of  a  straw  yellow.  It  is  only  when  aggre- 
gated together  in  mass  that  the  colour  looks  red,  in  the  same 

*  Chicago  Medical  Jourual,  April  15. 1869. 
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way  tliat  the  concentrated  yellow  pigment  of  saffron  does  wheu 
seen  by  transmitted  light. 

Sizt. — The  size  of  these  bodies  varies  greatly  in  different  ani- 
mals. The  most  careful  and  elaborate  researchea  on  thia  sub- 
ject has  been  made  by  Mr  Gulliver,  who,  with  tlie  animals  of 
the  LondiiD  Zoological  Gardeus  at  his  disposa],  measured  the 
blood  corpuscles  of  one  hundred  and  seventy-six  different  mam- 
miferoua  animala,  and  of  two  hundred  aod  four  different  species 
of  birda*  Tlie  following  measurements,  in  fractions  of  an  inch, 
will  give  an  idea  of  the  extreme  variatiooB  which  exist  : — 
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blood  corpuscles  consist  mainly  of  hsDmoglobiii,  with  traces  of 
albumin,  cholestrin,  protagon,  phosphate  of  potash,  hut  ngffate. 

Effects  of  Reagents, — The  addition  of  water  causes  these  bodies 
to  lose  their  colour,  to  swell  out  and  become  globular.  Syrup, 
gnm,  albumin,  and  dense  saline  solutions,  render^  them  flaccid, 
mis-shapen,  irregular  in  outline,  contracted,  puckered,  &c.,  as 
repre8ente<l  (Plate  III.  fig.  4).  Acetic  acid  appeai-s  at  first 
wholly  to  dissolve  the  mammiferous  corpuscles,  but  their  form 
may  be  faintly  recognised  on  adding  to  them  tincture  of  iodine. 
But  on  the  oval  corj)uscles  of  birds,  reptiles,  and  fish,  the  effect  is 
simply  to  dissolve,  or  render  very  transparent,  the  cell  wall, 
whilst  the  nucleus  is  unaffected,  and  rendered  more  clearly 
visible  in  the  field  of  the  microscope.  (See  Plate  III.  fig.  6,  d). 
Astringent  solutions,  and  especially  a  solution  of  crystallised 
nitrate  of  silver,  causes  puckerings  and  folds  to  appear  in  the 
cell  walL  This  is  well  seen  in  the  corpuscles  of  the  newt,  and 
were  supposed  by  Martin  Barry  to  indicate  the  existence  of  a 
spiral  filament.  A  solution  of  Magenta  (the  chloride  of  rosani- 
line),  causes  a  minute  molecule  toapj)ear  on  the  external  margin, 
as  i>ointed  out  by  Dr  Roberts  of  Manchester.  This  I  ascer- 
tained by  using  verj'  high  powers  (1.25th  of  an  inch  focus)  to 
depend  upon  minute  rhomboid  crystals  adhering  externally  to 
the  edge  (Plate  III.  fig.  7,  a,  h).  The  same  observer,  also,  was 
the  first  to  describe  the  effect  of  a  dilute  solution  of  tannic  acid 
(2  grains  to  the  5i  of  distilled  water),  when  added  to  the  coloured 
bl<Kxl  corpuscle,  causing  one,  and  sometimes  two,  protrusions  to 
take  place  at  its  circumference  (Plate  III.  fig.  8).  If,  in  a<ldition 
to  the  tannic  acid,  tincture  of  iodine  be  added,  I  have  seen  this 
protusion,  or  an  included  portion  of  it,  strongly  coloured,  and 
present  the  various  forms  represented  in  fig.  9. 

Effects  of  Disease, — Wlien  the  l)lood  becomes  inspissated,  as 
in  acute  inflammation,  the  coloured  corpuscle  loses  its  rounded 
outline  and  ehisticity,  l)ecomes  flask  shape,  and  instead  of 
rouleaux,  forms  irregidar  masses,  as  in  Plate  III.  fig.  5,  or 
becomes  oval,  dragged  out  and  elongated  by  adhering  mole- 
cular fibres  of  fibrin  (Plate  IV.  fig.  2).  On  one  occasion  I  saw, 
in  a  case  of  cholera  which  was  under  the  care  of  Dr  Cowan,  the 
remarkable  api)earance,  figured  Plate  III.  fig.  10.  In  haemato- 
cele,  or  in  the  act  of  disintegrating,  the  coq)uscles  may  become 
fatty,  and  exhibit  in  their  interior  bright  refracting  molecules 
(Fig.  11).     In  the  spleen  pulp,  and  in  apoplectic  extravasations, 
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groups  of  them  may  out  unfreqnently  be  Been  to  be  Hurrounded 
liy  a  liyalme  Rubatance,  probably  squeezed  from  their  subatauiKs. 
us  in  Plate  III.  figs.  20  ami  21.  Leucoc-jlhemia  couKist^  of  au 
increase  of  the  coluurtefis  and  diminution  of  the  L'oloured  cor- 
pusclea,  AB  represented,  Plate  HI.  figs,  13  and  14.  Tbix  morliiil 
Gomlition  will  be  referred  to  at  length  in  speaking  of  the  blood 
glnoda     (See  Snnguitiottion). 

ttiiffiu  and  DeedtrjimeiiC. — The  WckmI  corpuscles  in 
liryo  are  formed  iu  tile  interior  of  the  cella  of  the  vascular  layacll 
of  the  germiwil  inombrune.     In  the  adult,  they  ore  produced  il 
the  interior  of  the  lymphatic  or  blood  glands,  as  will  be  a 
fully  detailed  under  the  head  of  Sanguiftcatioo. 

Structure. — The  opinions  on  this  point  which  have  been  j 
forth  are  far  too  numerous  even  to  be  enumerated.     We  c 
only  refer  to  the  principle  DQes.     The  coloured  blood  corpuscle 
has  beeu  regarded,  1.  as  an  animalcule  (Kircher,  Borelli)  ;  S.  as 
n  glohide  of  oil  (Maljiighi) ;  3.  as  cnusiatiug  of  sis  pailiclea,  each 
of  which  were  formed  of  six  smaller  ones  (Lewanhoeck).     This 
was  the  basis  of  the  celebrated  theoi7  of  erit/r  fad  put  furth 
by  Biierhaave  ;  4.  as  a  ring  with  an  opeuiug  in  the  centre  (De 
la  Torre) ;  0.  us  a  vesicle  coutuiuing  a  loose  moveable  nucleus 
(Hewson) ;  6.  oa  a  fibrinous  solid  bofiy  of  a  bi-concave  form   i 
(Young,  Hoilgkin,  Lister,  Gulliver)  j  7.  aa  a  vesicle  containing  O 
a  nucleus  surrounded  by  air  (Schulz) ;  6.  us  a  vesicle  containing;] 
a  semiHuid  colouring  matter  (Douui^) ;  9.  as  un  organised  cell, 
containing  tax  nuclei  ;  10.  ae  tt  liuily  containing  a  spirul   fila- 
ment, the  elementary  basis  of  all  the  tissues  (blortin  Bany) ; 
1 1.  us  n  vesicle,  contaiuing  a  nucleus  attAclied  to  it  by  its  poles, 
nurrouudedbyacolouredliquid  (Bees  and  Lane);  13.  as  avesicle 
having  a  double  envelope  (Roberts,  Hansen)  ;  13.  aa  a  homu- 
geneons  body  in  the  living  ouiuul,  which  is  partly  cougiUated 
uu  leaving  the  body,  its  centre  moi'e  ee^cially  becoming  solid 
(De  Blaiuville.  Mondt,  Savory). 

Of  all  these  opinious,  1  consider  the  last  to  approach  nearest 
llie  truth,  and  that  the  mammifenius  corpuscle,  when  circidating 
'  in  a  living  miiinol,  cuuaists  of  a  membrmie  antL^gae  sohd  con- 
l*iutj(.     Indeed,  on  more  thitn  one  occasion,  I  have  eucceedod,  ^ 
when  perfectly  fresli,  iu  kceruting  that  memlirane,  and  seeing.  I 
tins  fluid  contents  flow  out.     Puckered  folds  may  also  occaaioualty  * 
be  seen  in  it,  especially  In  the  corpnscles  of  the  newt  aft«r  the 
addition  of  coagulating  agents.      But  subaequently  the  fluid 
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■nta  coagulate,  which,  ha  De  BUiiiville  thought,  ore  pro- 
liablj'  moie  dense  in  the  centre,  ob  111  the  case  of  the  crj^tulliue 
s,  aiul  of  the  contente  of  the  uerve  tube.  This  view  agrees 
r  with  the  great  elasticity  iuen  to  exiflt  Ju  the  corpuscle  wheu 
itUve — its  poneiKion  of  endoeiuoee  and  eiuamoee — the  influence 
of  rcBgeutH — the  ceutml  prominence  demonatruteii  by  Professor 
Frevr  of  Chicago,  and  the  escape  of  a  glutuioua  matter,  callable 
of  Wing  partly  tinged  b;  pif^euts,  after  the  additiou  of  tannic 

u-id. 

Function*. — The  chief  use  of  the  yellow  blood  corpuscles  is, 
by  their  solution,  to  form  the  liquid  plasmx  of  tlie  blood  (liquoT 
mxnffutHu),  and  fit  it  for  the  important  function  of  nutrition. 
At  tlu)  same  time,  they  serve,  by  the  chemical  cltonges  they 
oudergn  in  the  luugs  and  in  the  capillaries,  to  diHiiae  oxygen 
tlirtnighout  the  economy,  to  promote  thereby  varied  transforma- 
tioiu  lietwet^n  the  solids  and  duids,  and  to  keep  up  animal  heat. 
Tfaey  farther  act  meuhanlcoUy  in  keeping  the  capillaries  patent. 

Nbkve  Cells. — In  the  nervoua  grey  matter  of  the  bfain, 
ipiinal  cord  and  ganglia,  are  tnubedded  cells,  which  vary  gitiatly 
in  ahape,  size,  and  strncture. 

S*o/t«.— They  may  be  globular  or  oval,  as  in  the  GsBserian 
umI  uther  ^mnglia  (Plate  III.  tig.  2S,  u,  b,  r?).  Two  processea  may 
project  from  them  at  op|ioeite  sides,  continuations  of  the  nerve 
tubus,  as  in  tlie  ganglia  on  the  piisterior  roots  of  tlie  spinal 
They  are  then  called  bi-polar  (Fig.  48,  d).  There  may 
be  more  of  them,  varying  frrnu  three  to  seven,  when  they  are 
alleil  malli-polar,  as  in  the  grey  untter  of  the  spitinl  cord  (Fig. 
SS,  t,  ff).  They  may  he  pear-shaped,  the  pointed  extremity  pro- 
km|{i>d  and  dividing  into  numerous  branches,  as  in  the  grey 
natter  of  the  ccrclNiUum  (Fig.  38,/).  Lastly,  l)r  Beale  has 
desoribed  a  jievulinr  form  and  anuugement  in  cei-tain  gHnglionie 
nrrvu  cells  of  thu  frog,  ]iyriform  in  shape,  liaving  a  Htruiglit  and 
a  tfnni  lllameiit  (Fig.  28,  A).  These  have  also  been  deacrilied  by 
AfBold  and  L'(jiirv<iiait!r. 

Sbr.^Theae  cells  vary  greatly  in  mxe,  the  smaller  in  the  cere- 
IvIlaRi  being  about  l.SODOth  uf  an  inch  iu  rUauie(«r,  and  the 
lu]l«r  in  the  ( inMeriun  ganglion  often  raacluug  the  sixe  of  1 .4(X)th 
I    fl  on  lucti. 

•oture. — These  cells  h.ive  a  distinct  but  delicate  cell  wall, 
«  which  ia  ouuaaiuually  seen  a  layer  of  nucleated  areolar 


nucleoli,  and 


lally  light  c 


The  nudeuB  is  distinct,  with  one 
as  much  in  ahe  as  the  cell  does.    T 
line  molecules,  generally  colourlesa,  but 
dark  brown,  which  communicate  to  certai 
corpus  nii/er,  a  browniBh  tint     The  pj-oceasea  coming  from  the 
bi'polar  or  multi-polar  cells  must  be  regarded  as  continuations 
(if  the  nerve  tubes,  whereby  connections  are  maintained  with 
one  another,  or  with  ditferent  portions  of  the  cerebro-apinal  or, 
sympathetic  centres.     The  liddition  of  water   cauBea  them  M' 
swell  out  and  enloi^,  while  Hcetic  acid  partially  disaolves  theoL 
Functions. — These  cells  are  HUppoaed  to  be  connect«d  willi  the 
evolution  of  nerve  force.     They  are  not  the  only  nervons  struc- 
tures posaeadng  this  potrer,  ita  the  molecnlar  and  tubnlor  nerve 
elements  are  similarly  endoweiL     They  also  subserve  the  purpose 
of  conveying,  modifying,  and  diffusing  the  influence  of  imprea- 
sions.     These  properties,  however,  are  so  esaentinlly  concerned 
with  otlier  functions  of  the  nervous  system,  that  they  will  bk 
more  fully  considered  when  speaking  of  the  nerve  tubes.    (See 
Tubular  Elements  of  the  Tissues.) 

Fat  Cbi.lb. — The  solid  fat  of  the  dead  bo<ly  is  fluid  during  life, 
and  contained  witliin  distinct  cells,  with  deUcate  walls,  named  fat 
or  adipose  cells.  When  isolated,  they  are  globular  or  oval  in  shape, 
but  when  aggregated  together  are  polygonal,  from  being  pressed 
together  (See  Pbite  IIL  fig.  26).  They  strongly  refract  light 
The  young  cells  vaiy  greatly  in  size.  They  may  be  as  amall  as 
the  1.3000th  of  an  inch  in  diameter,  us  may  be  seen  in  themesen- 
t«ry  of  a  lean  animal,  or  the  1.500th  of  an  bch,  as  in  ordinary 
ftdipode  tissue.  In  fatty  tumours  they  may  become  as  large  as 
1.300tli  of  an  inch.  On  adding  vnOer  to  the  young  cell,  it  often 
eut«rB  it  by  endosmose,  and  collects  between  the  i»]l  wall  and 
the  oil  in  the  interior.  In  this  wall  a  nucleus  may  frequently 
bo  seen  imbedded,  and  outside  it  crystals  of  margarin,  whidi 
may  project  from  the  surface  like  a  bundle  of  needles,  or  ramify 
on  its  internal  surface  in  an  arborescent  form.  (See  Plate  I. 
fig.  15.)  The  cell  walls  are  easily  ruptured,  when  the  oil  masaes 
ll'Jiil  in  loose  globules  in  the  field  of  the  microscojie.  Ether 
causes  the  cell  waJlii  to  coUu}>ee  and  the  oil  to  dissolve.  Liquor 
potast>n  does  the  same  thing,  leaving  a  brownish  viscous  nuisa. 
Tliese  cells  are  readily  seen  developing  in  yonng  animals 
mesentery  and  subcutaneous,  areolar  tissua     Minute  granulM 
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collect  oatside  the  blood  vessels,  which,  aggregating  in  a  mass, 
form  the  nncletus.  Around  this  the  cell  wall  is  formed,  and  oil 
aocnmulates  in  the  interior,  first  in  the  form  of  molecules,  which 
melt  into  one  another.  (For  Chemical  Composition  and  Origin 
of  Fat,  see  Fatty  Proximate  Principles,  p.  18.) 

Pigment  Cells. — Variously  coloured  pigments  are  found  in 
the  interior  of  cells,  in  plants,  and  animals  (see  Pigmentary 
Proximate  Principles,  p.  30),  but  the  term,  pigment  cell,  is 
nsually  applied  in  man  to  that  kind  of  cell  formation  which  con- 
tains in  its  interior  brown  or  black  molecules.  These  are  found 
in  the  choroid  membrane,  the  lungs,  and  in  the  skin.  In  shape 
they  may  be  globular  and  oval,  as  in  the  lung  ;  hexagonal,  fusi- 
form, or  branched  in  various  parts  of  the  choroid,  and  polygonal 
in  the  epidermic  cells  of  the  dark  races,  and  in  the  areola  of 
the  nipple.  (Plate  III.  fig.  27.)  The  tint  may  vary  from  a  faint 
yellow  or  brown  to  the  deepest  black.  The  pigment  is  always 
molecular,  situated  between  the  nucleus  and  cell  wall,  often  ob- 
dcuring ,  but  sometimes  permitting  the  former  to  be  seen  clear  and 
colourless^  They  vary  in  size,  from  the  1.1200th  to  the  1.500th 
of  an  inch  in  diameter.  In  the  choroid  and  skin,  the  pigment 
disappears  on  the  addition  of  chlorine  or  hydrochloric  and  nitric 
adds,  but  in  the  lungs  it  resists  every  reagent,  including  that  of 
the  blow-pi])e.  In  the  former  case,  it  is  a  peculiar  substance 
called  melanin  (see  p.  31),  in  the  latter  it  is  pure  carbon.  Acetic 
aci<l  often  dissolves  the  cell  wall,  when  the  pigment  molecules 
eaicape  and  are  dispersed.  These  pigment  cells  give  a  special 
character  to  a  certain  morbid  growth  named  melanosis.  The 
lieculiar  vital  properties  of  the  pigment  molecules  within  the  cells 
have  been  previously  referred  to.     (See  pp.  39  and  40.) 

Gland  Cells. — The  cells  which  constitute  the  essential  secret- 
ing  parts  of  glands  are  too  numerous  to  be  treated  of  separately, 
and  will  be  referred  to  more  particularly  under  the  function  of 
Secretion.  They  vary  greatly  in  size,  structure,  chemical  com- 
jMisition,  and  individual  properties,  but  are  alike  in  possessing 
general  powers  of  attraction  and  selection,  whereby  they  eliminate 
from  the  blood  a  variety  of  products  necessary  for  secretion  and 
excretion. 

Transition  Cells. — Under  this  head  it  is  necessary  to  refer 
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to  [>,  cksfl  of  cells,  which,  during  oiie  period  uf  their  livM^  1 
possess  all  the  charaftera  uad  properties  of  cell  formations,  but  I 
at  auotlier,  ]jass  gradunlly  iuto  other  more  complex  and  per-  [ 
mauent  farmations.     To  this  cJaaa  belong, — 

!.  Embryonic  CdU. — In  tlie  embryo,  iind  in  the  early  develop-  i 
ment  of  healthy  atid  morbid  tissueH,  molecules,  nuclei,  and  mill  j 
present  themselves,  which  exhibit  no  distinctive  marks,  but  I 
which,  in  the  progress  of  development,  are  tnuisformed  iut4  J 
various  tissues.  Ctf  these,  the  viuioualy  shaped  cells  s 
recent  exudation  on  a  serous  membrane,  and  which  are  subse-  < 
queutly  transf armed  into  bluoil  vessels,  constitute  a  good  example. 

2.  Epithelial  Cells. — These  may  assume  various  forms,  such  as, 
1.  flat  or  l«Bseliated,  when  they  adhere  by  their  edges  ;  S. 
columnar,  when  they  aiUiere  by  theii'  aides  ;  3.  cihated,  liaving 
cilia  ou  their  free  surfaces  ;  auil,  4.  globular,  which  is  a  form  of 
gland  L«ll.  The  large  mass  of  cells  constantly  forming  in  the 
Uitermd  layer  of  the  epidermis,  as  they  pass  outwards  undergo 
chemical  and  vital  changes.  They  are  thereby  converted  into 
homy  matter,  and  aggregate  together,  or  split  up,  so  as 
to  arrange  tliemselvee  into  hair,  nail,  hoof,  hum,  feather, 
scale,  and,  iu  the  lower  animals,  especially  insects,  endleai 
varieties  of  forms  adapted  to  many  purposes.  In  the  mucus,  i 
covering  various  mucous  suriaces,  round  or  oval  cells  a 
bedded,  often  called  mucous  corpuscles,  whidi  are  ouly  a  form  i 
of  epithelial  cell  (Plate  III.  fig.  16). 

3.  Filire  CdU. — Tlieae  corjmsclus  are  for  tlie  most  part  fi 
form  in  shape,  and  though  isoLited  iu  the  skin,  are  more  cc 
monly  aggregated  together  to  form  layers  rounii  tubes  and. 
hollow  viscera,  such  as  cerlaiu  blood  vessels  and  tlie  alimentary 
canal.  They  also  constitute  the  radiating  and  circular  fibres  of 
the  iris,  Some  are,  and  others  are  not,  possessed  of  contractility ; 
and  what  is  further  remarkable  concerning  them  is  that,  iu 
some  tisHues,  they  may  be  contractile  at  one  period  and  not  at 
Another.  Thus,  iu  the  unimpregnated  uterus  they  exert  no  con- 
tractile action,  but  during  pregnancy,  or  when  otherwise  hyi>er- 
trophied,  they  enlarge  and  become  contractile,  sotliat  at  a  given 
roomeut  they  are  capableofexiielliug  the  foetus  or  other  included 
body.     (PktelV.  figa.  n.  13.) 

4.  CartUugt   Celh. — These   bodies   will  be   deecrilwd   sulwe- 
ifuently.     (See  Cartilage  and  Bnne.]    lo  the  embryonic  usse 
tissue  they  ore  essentially  coucemed  in  the  transformation 
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euiOage  into  bone  ;  and  although  aome  of  them  are  more  per- 
nuuiGiit  Lc  mnD,  it  in  t>b8ervab]e  that  hb  age  advances  there  ui 
everywhere  a.  t«:a<leQCf  ahevD  for  cartilage  to  pass  into  bony 


Uo&BiD  Cells. — {Jniier  the  influence  of  irritation  and  other 
ncirbid  otitDes,  the  cells  previoiuly  described  \aa.j  increase  ia 
numijera  endogenouslj  ar  eiogenciualy,  and  not  unfreqnently 
V  cnlhi  are  funned  in  matter  exuded  from  the  blood  veaaela. 
In  dtber  case,  sneh  cellH  ma;  premeDt  inoditicatiDnti  that  require 
to  lie  eajKiciKlly  studied,  forming  as  they  do,  essential  parT«  of 
disettiHfd  )iru(vsacs  and  growtlia.     The  pathologicul  cells  are, — 

I.  /'hi  Vdlt, — Normal  or  good  pus,  when  eKamiued  uuder  a 
IDicnxM>[i«.  is  found  to  vonsist  of  oumerous  corpuscles,  floating 
'a  a  clcstr  fluid,  the  lufuot  purii.  Tlie  corpuaclea  are  globular 
a  form,  tuviiig  h  smooth  margin,  and  finely  granukr  surfat-e. 
(PbW  UL  fig.  17.)  They  vary  in  size  from  the  l.fflNIOth  to  the 
>.l2ilOtbafauinclnn  diameter.  There  may  be  generally  observiHl 
ia  ■ume  of  theui  n  round  or  ovul  nucleus,  which  ia  very  itiiitiDct 
oa  tJiM  addition  of  water,  when  also  the  entire  corpuscle  becomes 
diMeuded  from  eudiiHmosis,  and  its  granular  surface  is  more  or 
■timtnislied.  Oti  the  addition  of  strong  iicetic  add,  the 
cell  wall  is  dimulved,  and  the  nuclei  liberated  ia  the  form  of  two, 
tliree,  (our,  ot  rarely  five  granules,  each  having  a  central 
riwduwnl  spot.  If,  however,  the  reagent  be  weak,  the  cell  wall 
M  only  reudereil  very  trauspnrent  and  diaphanous,  through 
which  (he  divided  aueleus  is  very  visible  (Plate  ITI.  fig.  Ih). 
uiinutlly  three  iMxIies  are  seen  surrounded  by  another  fine 
membrwie,  as  in  Fig  ID,  and  numerous  diaphanous  or  hyaline 
,  tmdiaa  may  be  seen  floating  among  them.  Theproductionofthese 
1m«u  previously  explained.  (See  p.  44  and  Plate  II.  fig.  11.) 
I  At  other  times  they  are  not  perfectly  globular,  presenting  a 
i  or  le»  irregular  mai^in,  associated  with  numerous  mole- 
I  ChIm  and  granules.  This  occiirs  in  what  is  called  scrofulua  pus, 
Tariuus  kiniU  of  uulirjUtby  discharges  from  wounds  and 
I  pmunUlinf!  «urfac«a.  In  gangreno'iis  and  ichorous  sores,  a  few 
i4  thiwi  in^[ular  pus  corpuscles  are  associated,  not  only  with  a 
■Mttltade  ci  moteciiles  and  granules,  but  with  tnuiiiformed 
umJ  bi«kHi)>down  blood  globules,  the  dArit  of  the  involved 
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The  exuIuMve  cell  pathologists  inauitain  that  pus  celle  oi 
witliin  the  iiuclei  of  thefibrous  tissues,  or  what  they  call  conuectiTcfl 
tissue  coqiuBcles,     Ever  aiuuv  this  statemeut  whs  put  forth,  : 
have  in  vain  sought  among  morbiil  products  for  any  proof  of  ■ 
its  accuracy.     Mj  aiwiataiita  anil  my  annual  practical  clnaaea  I 
of  liistology  have  nuide  numerous  obaervationa  and  eiperimeut^  I 
especially  putting  aetuna  through  the  skin  and  cornea  of  living  I 
onimalB,  and  a  fvw  days  Afterwanla  examining  the  altered  I 
tiHues,  uid  have  never  seen  pus  corpuscles  in  the  interior  of'] 
theee  nuclei     German  pathologists,  firm  believers  in  the  viem 
of  Professor  Virchow,  have,  for  three  months  together 
dinique,  ransacked  the  inflamed  and   purulent  tismes  of  the 
body,  in  the  hope  of  finding  and  shewing  me  even  one  enlar^fed 
connective  tissue  corpuscle,  containing  pus  cells,  but  have  at 
length  admitted  that  nothing  of  the  kind  could  be  found.    I 
have  requested  all  the  pathologists  of  this  dty,  and  many  of  mjr  1 
foreign  cimfrira,  to  shew  me  iu  recent  specimens,  or  in  prepared  ' 
preparations,  any  one  example  of  such  an  occurrence ;  but  uot- 
withstaudiug  their  belief  that  they  had  seen  it,  they  have  not 
ventured  to  demonstrate  to  me  a  fact,  bo  simple  iu  itself,  aiid 
one  of  snch  consequence  to  the  truth  of  the  cell  pathology 
they  supiKirt.     I  do  not    believe,  therefore,    that   pna    cells 
originate  iu  the  ist«riorof  other  cells.     On  the  other  hand,  I  ani 
at  all  times  prepared  to  demonstrate,  Ixith  from  recent  speeimeus 
and  from  numerous  preparations;,  that  pus  cells  really  originate 
in  the  molecular  matter  of  exudations  from  the  blooit  veasela,—  _ 
a  fact  that  may  readUy  be  seen  in  a  specimen  of  acute  pnen-  J 
monia,  and  in  other  exomjiles  of  recent  purulent  formation.  ' 

Another  theory  of  the  origin  of  pua  cells,  founded  on  an 
obaervation  originally  put  forth  by  Addison  (1843),*  has  recently 
been  contended  for  by  Cohnheim,  viz.,  that  they  pass  bodily 
through  the  vascular  walls,  being  in  fact  colomleas  blood  oella. 
Ever  since  Addison's  views  on  tins  matter  were  published, 
this  phenomenon,  though  carefully  looked  for  by  myself  and 
nsslstajitA,  hoe  never  been  observed.     (See  Inflanunatioo.) 

2.  Orajiule  CM».—lt  wna  shewn  by  Iteinhardt,  that  all  kinds 
of  cell  formation,  under  certain  circumslADces,  undergo  the  fatty 
degeueratiou.  Tiie  manner  in  which  this  is  accomplished  is  in 
all  cases  the  same.     A  few  fatty  molecules  first  form  between 

*  The  Actiul  Pn>c«i  at  NutriUon  In  tbn  Utbig  Structure  ilen 
iulci««>pc,  4c.    By  WUUunAddlwn.  r.L.e.    Umauu,  t»4a. 
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the  tiiiclens  and  cell  walL  Tbeec  inci-eaw  in  Dumber,  and  some 
of  ttuun  ajipurentl^  are  fused  togttlier  to  produce  lurger  ouea. 
Tliis  procesB  goes  on  imtil  at  length  the  whole  contents  of  the 
cell  consist  of  fatty  moleciiIeB  and  grnnules.  The  nucleuH  is  now 
no  loiiger  visible,  aud  in  miiD}'  caaee  the  formatiou  uf  moleculex 
takes  place  within  the  nucleus  in  the  first  iuatance.  In  either 
case,  the  cell  wall,  distended  b;  the  aucumuktion  of  fatty  parti- 
cle*, at  length  gives  ntiy,  and  the  included  oil  granulett  either 
•epiuxte,  or  for  a  time  ajlhere  together  in  grauular  masses.  Some- 
titnea  these  bodies  are  eaailj  ruptured  fay  external  violence  ;  at 
utht^ni  they  are  more  rtMnstant,  luid  the  oily  matter  is  forced 
tJunugh  the  cell  wall,  and  collects  outside,  whilst  the  cell  itself  is 
more  or  leM  collapsed.  In  this  wny  collections  of  fatty  grauulos 
Mltd  gnnole  cells  takes  place  in  the  ducts  of  all  glands  which  are 
lined  by  eiiithelium  ;  in  the  air  veeiules  uf  the  lung  and  in  the 
brouchi  ;  in  the  cells  of  tile  liver,  causing  futty  degeneration  of 
lliat  urgon  ;  in  the  shut  ssfs  of  vosculiLr  glands,  as  the  sjileeu, 
And  in  all  cell  fonuAtioiiH  from  exudation,  e8]>eciaily  those  of 
pas  aud  cancer.  Their  formation  constitutes  the  special  lesiiiii 
of  chronic  inJiammatory  §ofteiiiug  of  the  braiu.    (See  Plate  III. 

3.  Cancer  Cdti  may  be  round,  ova),  caudate,  sjiindle-ahaped, 
oblong,  pquare.  heart-shaped,  or  of  various  indescribable  forms, 
f  iruducetl  by  prwsurc  on  their  sides.  In  size  they  vary  from  the 
LlSOOth  to  the  l.4UI>th  uf  nn  inch  in  diameter.  The  ceil  wall, 
vriim  young,  is  smooth  and  distended  ;  when  old,  it  is  mure  or 
1  anrngatcd  and  flaccid.  Each  ceU  cont^iuii  at  least  one 
%  nften  two  or  morei  Most  commonly  there  is  ouly  ouc, 
h  il  round,  or  more  generally  oval,  and  contains  one  or  tw.i 
■  or  Dticleoli  The  included  nuclei  also  vary  in  size,  anil 
Hit  all  stagtts  of  ti'anaforniatiun  into  cells.  It  is  the 
ll  fiuolity  for  endogenous  ceil  growth  tluit  communicates 
to  euoer  its  »o-callei1  "  malignity."  (See  Plate  III.  fig.  23.) 
Betwcdi  the  uuclens  and  ceU  wall  there  is  a  colourlen  fluid, 
vkicfa,  at  first  tntnajiweut,  liecomes  afturwards  opalescent,  from 
tlw  pTfwnce  of  molot-ulua  and  granules.  On  the  addition  of 
wklvr,  the  (vll  wall  becomes  disteuded  by  eudosmose,  and  is 
enbuKBiL  When  acetic  acid  is  oilded,  the  cell  wall  b  rendered 
non  tmngparcoit,  and  in  yoiing  cells  is  entirely  dissolved,  whilst 
^  Um  aocteus,  on  the  other  hand,  either  remains  unaffected,  or  itH 
a  beeomea  thicker,  and  its  subatatico  more  or  le«a  coH' 
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tr&cted.  These  cells  may  originnte  either  in  &n  esudatiaa,  OT  ' 
from  the  proliferation  of  previausly  exixttug  cells.  It  is  only  ii 
tlie  former  case,  however,  or  when  they  l)ecome  infiltrated 
thrnughoiit  the  taxtui's  of  sd  orgiui  that  cancer  caii  t>e  itia- 
tiaguinhed  from  gkndultir,  epitlieliul,  enchondromatous,  or  other 
morbid  growths, 

4.  Tnberde  Corpttsda. — A  amall  portion  of  tuhercular  matter   j 
squeezed  between  glasses,  aJid  examined  under  the  microscope,   j 
presenta  it  number  of  irregalm*  nhaped  Ixxtiee  approaching  a  1 
round,   oval,  or   triangular    form,    varying    in    ttieir    longest 
diameter  from  the  1.2000th  to  the  l.lSllOth  of  an  inch.     These 
bodies  contain  from  one  to  Meveii  granules,  are  utiaiTected  by 
water,  bnt  rendered  vety  transparent  by  acetic  acid  (Plate  IIL 
fig.  25).     They  are  always  mingled  with  a,  multitude  of  niole- 
culeH  and  granules,  which  are  more  numerous  rs  the  tubercle  ia 
more  soft(Plate  III.  lig.  24).  Occasionally,  when  Hofteuedtuberole    , 
resembles  pus,  constituting  scrofulus  purulent  matter,  we  iiuH  the    i 
onrpuBcles  more  rounded,  and  approaching  the  character  of  pm 
cells.    They  do  not  always,  however,  on  the  addition  of  acetic 
acid,  exhibit  the  peculiar  granular  nuclei  of  these  bodies.     Tha 
grey  granulations  described  by  Bayle,  may  be  seen  on  careful 
mimageroent  of  the  light,  lifter  the  addition  of  acetic  acid,  to 
contain  similar  bodies  to  those  described  as  tubercle  corpuscles, 
closely  aggregated  together,  with  their  edgee  indistinct,  and 
containing  few  granules.      Tubercle  corpuscles  originate  in  a 
chronic  exutlation  of  the  lung,  uuder  circumstances  where  cell 
formations  seldom  if  ever  occur  iu  it.     They  are  abortive  histo- 
genetic  nuulei,  and  not  the  result  of  a  iliiuntegrative  process,  as 
some  have  suppofied.     (See  Tuberculosis.) 

The  careful   study,   and   a  knowledge  of  the  cliaracteristic 
difference  existing  between  cells,  ia  often  one  of  great  diihculty,    , 
but  should  be  perBeveringly  followed  as  a  means  of  obtaining 
results  in  diagnoeis  and  treatment  of  the  highest  iitt[>ortauce. 


The  Fibrous  Elbmbsts  of  tbk  TisstJES. 

Definition. — By  an  elementary  fibre  is  to  be  uuderstooil  a  solid 
microscopical  filament,  characterised  optically,  when  rotmd,  \ty 
two  broad  external  opaque  lines,  with  a  transparent  line  betwe«si 
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them.  They  vxry  in  thickueHS  and  chemical  compimitiac.  Like 
liie  moletiile  &nd  the  cell,  the  fibru  haa  been  considered  us  the 
elemeutory  basis  of  orgonioitiun  (HitUer). 

The  various  kinds  of  fibre  may  be  clamificd  hiatologicall;  into 
moIiMiiIttr,  nuclear,  and  cell  fibres,  all  of  which  way  be  noit- 
\  cootiactile  or  contractile. 


H  FiBBEB. — 1,  yon-ctmCractile  mritctdt  fibre  may  be 
■wen  in  mucin  and  in  the  dot  of  blood  (PI.  TV.  fige.  I  and  S)  to 
be  coiupcNed  of  roundeil  molecules,  agglutinated  together  end 
to  end.  In  a  layer  ou  the  aurtace  of  rheumatic  or  inflammatory 
blond,  molecular  fibres  may  be  seen  to  form  under  the  microa- 
cope.  u  poinU>d  out  by  Dr  Addison,  now  of  Brighton.  In  the 
cIcMT  Said,  a  ilepoHitioii  of  molecules  occitra,  which  arrange 
tb«aaelve«  in  rows,  atretch  acroaa  the  field  of  the  iuBtnuuent, 
aud  at  tcngtii  reudcr  the  whole  opatjue,  and  constitute  the  (ibrin- 
taa  coogalum  of  the  dot.     The  snnie  occura  in  mucin. 

2,  CaiUrai-tile  nuAfnUar  jiiire.—V{e  have  previously  aeon  (p.  46) 
lliot  on  die  Durface  of  on  iuhuion,  moleculis  arrange  themaelvea 
iu  short  rows,  melt  together,  and  aainme  a  vibratile  movement, 

«tlwy  grow  longer,  tlie  motion  Ix^omes  serpentine,  and  they 
f  wriggle  rapidly  through  the  fluid.     These  are  the  ao- 
ir  tpiriUa.    In  this  manner  actively  moTingimd 
inenta  form  by  apjiosiUou  of  molecules,  without 
y  of  nuclei  or  ceUa    (Plate  IV.  fig.  1 1.)    The  addition 
nil  geuerally  cxusea  partial  solution  of  these  fibres. 

3.  Anolerfmiucu/iEi'tiiwutf.— The  must  important  fonuof  mole- 
rahr  oontntctilt>  tissue,  is  the  Btriat«d  or  voluittary  muscular 
lihn.    T)us  in  its  turn  is  made  up  of  numerous  entailer  fibrils 

•tjUtrillft,  Hn<l  hence  is  called  a/tui-ii-u/iu.  Each  muscular  fibre 
■r  fuicutus  is  fxilygonal  in  shape,  as  is  reaiiily  seen  on  making 
1  trknireTBo  section  of  a  group  of  them  (PI.  IV.  fig.  18).  Their 
iTvfsge  diameter  in  man  is  about  the  1.3o2d  part  of  an  inch, 
iDd  iu  woman  almut  1.4S4th  part.  They  are  much  broader  in 
Ubiw.  and  much  murower  in  binla.  Tliey  are  surrounded  by  a 
delicate,  MtruclnrBlow  inembraoe,  first  demonstrated  by  Bowman, 
ukd  Ckllnj  by  bini  the  A'arcofemnui.  It  m;iy  be  shewn  by  strongly 
irriutiug  die  living  fasciculus,  whereby  its  sarcuus  structure 
ia  rvptnmt,  leaviug  tlie  membrane  entire  (Fig.  22),  or  by  adding 
Id  it  water,  when  tlie  membrane  is  raised  by  imbibition  in  the 
Imto  of  bulbe  on  tlie  surface,  as  in  the  lower  portion  of  Pig.  £3. 


I  «r  antic  I 


74  FIBROUS  ELEAfENTS  H 

^        The  tnuuiverse  atriie  consist^  of  alternate  dark  and  light  lines 
runntng  acroes  the  fasdculiia.     These  describe  the  curve  pre- 
sented to  the  eye,  beiiig  generally  rouudnl,  but  nut  luifreqiieutiy 
luigular,  if  an  angle  of  the  [xilygonaJ  outline  of  the  fibre  lie  uji- 
-wards.    The  Btriaa  are  finer,  that  is  closer  together,  in  tiahea,  and 
coat^er  or  wider  in  the  crustocetG.     In  certuiu  conditions  of  the 
fasciculus  it  readily  breaks  acroes  in  the  direction  of  the  strife 
(Fig.  19) ;  in  others,  leugthwaya  in  the  direction  of  the  fibritlaj 
(Fig.  20).     Wlien  these  last  are  isolated,  it  may  be  seen  that 
each   is   made  up  of  alternate   light  and  dark  particle  of  a 
square  or  oblong  shape  (Fig.  24).     The  structure  of  these  wmb 
first  shewn  by  Dr  Dobie  of  C'heater,*  to  consist,  under  higji  J 
magnifying  powers,  of  dtirk  and  light  markings,  occupying  th*  | 
entire  breadth  of  the  tibriUte,  the  light  one  being  again  divi<teil  I 
by  a  delicate  dark  line  (Fig.  ^^)-    This  remarkable  ap))ear&nc«  I 
ctmracterises  the  finest  fibrillie  that  has  yet  been  arrived  at  by   f 
the  most  skilful  mauipuhttioiia  that  con  be  practised,  n 
under  a  power  of  2000  diameters  linear.     Acetic  acid  renders  \ 
more  trant|)iireDt  the  whole  substance  of  the  fasciculus,  anil 
brings  into  view  nuclei,  varying  in  size  and  shape,  embedded  ii 
its  BubaUince  (Fig.  21), 

If,  immediately  after  killing  an  animal,  a  fasciculnsbe  rapidly 
placed  on  a  glnes  slide,  and  examined  under  a  mici«scope,  it  may 
be  seen,  when  irritated,  to  contractond  shorten  itself,  by  the  striaj 
becoming  thinner,  flattening  themselves  against  each  other,  and 
causing  a  corresponding  thickening  of  the  fasciculus,  as  in  the 
lower  portion  of  Fig.  23.  Sometimes  this  takes  place  uniformly 
throughout  the  whole  length  of  the  fascic\ilus  ;  at  others,  at  one 
extremity,  and  occasionally  here  aud  tliere  causing  altemata 
swellings.  Friction  on  the  glass  may  produce  these  last  effecte. 
Formerly  it  wax  supposed  that  the  fasciculus  was  Bho^tent^d  by 
a  eig-zag  movement  But  this  appearance  is  now  recognised 
as  a  proof  of  extreme  relaxation  in  muscle. 

TAf  arudurt  of  Jfusde, — Vjuioua  opinions  have  been  held  on 
tliis  flubjecL  The  older  histologtsts  considered  the  striss  to  he 
caused  by  puckerings  or  edges  in  the  external  sheath  ;  but  all 
recent  observation  with  good  achromatic  niitroscopea  demonstrate 
that  they  are  caused  by  the  regular  apposition  side  by  side  of 
the  dark  and  light  particles  of  the  ultimate  fibrilUe,    The  ih>- 

•  ■■  Annili  mil  Mugnlue  nI  Nulunil  Ulttoi;-."'    18tD, 
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IiMlon  of  these  is  mich  that  BOmetimea  they  aeparate  croes-ways 
to  tJie  fiudciiJus,  Fonniiig  diaka  ;  at  others,  lung-witys,  producing 
minme  fibres.     (See  PL  IV.  figs.  19  and  20.) 

Chemiad  eompoiition  of  Mimde. — A  quiescent  muscle  gives  au 
alludiue  rmictiiiu,  but  when  the  muscle  is  tetuiiaed,  the  reaction 
beemuee  at.'id  fmm  the  developmeut  of  kctic  add.  Hebiiholtz  has 
found  tlint,  hj  telauisation,  the  substanees  soluble  in  alcohol 
are  increased,  while  those  insoluble  are  diminislieti.  The  semi- 
fluid, oontmctile  substance  of  muscle,  when  isolated  from  sarci)- 
i,  divides,  according  ta  Klibne,*  into  a  fluid  portion,  which 
h«  terras  muscle-serum,  and  a  solid  coogulum,  which  be  terms 
mnscle-clut,  or  myosin.  The  mnscle>Eerum  contains  three  forms 
of  klbumiii,  one  coitgn luting  at  30°,  a  second  coagulating  at  45", 
a  thtnl  at  75°  C.  Myosin  lias  been  already  described  in 
of  the  chemistry  of  tlie  tissues,  (See  p.  10.)  An  aualy- 
Tou  Dibra  shews  that  100  parts  of  muscle,  freed  as  much 
^ile  from  fat,  nerves,  and  vessels,  yielded,  when  burnt, 
S  to  B  parts  of  ash,  and  that  about  80  i>art8  uf  this  ash 
coBidsted  of  alkaline  and  earthy  phosphates,  and  the  remaining 
lOpartaeonsisted  chiefly  of  chlorideandsnlphateof  sodium.  The 
muscular  ■ubetance  of  the  heart  is  remarkable  fur  containing 
iliosile,  which  is  not  found  iu  other  muscles.  Living  muscles 
oxygen,  and  eicrete  caTbonie  acid.  By  the  oiidatiou 
of  the  aitrogenoua  material  in  muscle,  creatiu,  crentlniu,  hy^wx- 
antitin,  taurin,  leucin,  &c,  are  produced. 

TItt  dtveiopmtnt  cf  ttriated  mutadur  fibre  has  long  been  a 
Mlbject  of  diacuBBion,  and  by  the  upholdera  of  a  cell  theory  has 
been  (oppcsed  to  origiaate  in  an  appoaition  of  cells,  or  a  depoai- 
tbeir  interior.  Dr  Wibou  Fox  is  the  laat  observer  who 
mainlainod  this  opinion  (18li^).  But  the  careful  investiga- 
Skvory,  cuullrmed  by  those  of  Lockhart  Clarke,  Braid- 
Eckhard,  have  proved  tlmt  they  are  formed  by  the 
of  the  molecidar  matter  of  the  intercellular  Bubstance, 
the  embryonic  cells  and  nuclei  remainiug  embedded 
lb*tance  of  the  fascicidu»  (Bee  PI.  IV.  fig.  '2G,  and  de- 
"  plate.)  Til  is  view  once  recognised,  it  may  be  ob- 
I,  on  consulting  the  accurate  figures  published  by  Schwann 
and  Bowman,  that  the  facts  that  they  have  placed  on  record  arc 
in  aecurdtuicv  with  the  molecular  origin  of  voluntAiy  contractile 
AUv. 


•  KHhuv.  Uyiili^lsct 


76  FIBROUS  ELEMENTS 

NtCLEAR  Fibres. — Elattie  or  ydlout  fibrout  tuiiiif  'a  formed  1 
CFf  niideiir  fibrea.     Tliej   vary  greatly   in  tliieknesa,  froui  tha   1 
1. 10,00l.)th  to  the  1.3000th  of  an  inth  in  diameter.     In  the  Ug<i-   I 
meata  tidi/ava  of  qutMlnipeda  they  may  frequently  be  seen 
imastomiMte  with  one  another  (PL  IV.  fig.  3).    In  the  giraffe, 
pointed  out  by  Quekett,  they  often  jireaeiit  trauaverge  markiugB,    I 
owing  to  Bmidl  spaces  in  tljeir  substance.    Their  extremities  haro    I 
a  tendency  to  curl  up,  and  ihey  may  frequently  be  Been 
Rgured    by   Henle,   forming  djatiuct  spirals,   especiiilly  in 
tibrous  tissues  at  the  base  of  the  brain  (Fig.  4).      Tlie  a 
tiou  of  acetic  acid  produces  no  change  in  these  fibres,  bo  tliat 
they  present  the  chemical  reaction  of  the  nuclei  of  cells.     Their 
mode  of  formation,  according  to  Heole,  is  from  an  elougation 
of  the  nuclei  in  neighbouring  cells,  which,  coalescing  together, 
and  sending  off  branches  which  imite  with  uue  iinnther,  produce 
thia  anastomosing  elastic  fibre.     The  spiral  he  thinks  is  produced 
by  the  nucleus  frequently  beiug  on  the  opjioaite  sides  of  neigh- 
bouring cells,  HO  that,  in  order  to  unite,  they  ai-e  obliged  to  cross 
and  wind  round  tlie  interior  of  the  cell  (Fig.  8).    The  spirala 
in  the  cells  and  ducts  of  jilajita  are  probably  formed  in  a  similaf 
manner. 

•n. — Tlie  chief  prosimate  jirinciple  found  in 

1,  whieh  has  Iteen  already  described  ip.  11). 

Several  fibres,  evidently  developed  from  a  nucleus,  possess 

contractility.    The  spiral  or  zig-mg  fibre  in  the  stalks  of  vorti- 

cellffl,  the  spermfttozoid  in  a.nimalH  (PL  IV.  fig.  12),  and  the 

fuitbemid  moving  particles  in  plants,  are  evidently  of  this  kind. 

CellFibbes. — Jrwiar  or  w*i(e/6rou»/'*ra(!  is  the  most  diarac- 
l^ristiu  eaiunple  of  thia  kind  of  fibre  (PI.  IV.  fig.  6).  It  conaists  of 
filaments,  varying  from  the  1.16,lKXJth  to  the  1.8000th  of  an  inch 
ill  diameter,  running  in  wavy  parallel  lines,  in  bundles,  wldch 
often,  by  crossing  one  another,  leave  spaces  or  areoloe.  In  ligar 
mentaud  tendon,  however,  they  ore  more  condensed  together. 
On  the  addition  of  acetic  acid,  they  ore  for  the  most  part  rendered 
partially  soluble,  and  rery  tranaimrent,  like  the  substance  of  ceQ 
walls.  They  are  developed,  as  was  shewn  by  Schwann,  by  the 
splitting  up  of  cell  walls  (PL  FV.  fig.  0),  the  nuclei  often  remain- 
ing scattered  among  the  fibroiu  bundles,  and  becoming  very 
per(«ptible  after  the  action  of  acetic  acid,  which  does  not  affect 
thom  (Fig,  7).    The  various  fibres  found  in  the  epidennic  ap- 
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petuUgM  of  titiir.  hors,  feather,  &.Q.,  are  developed  in  tlm  same 
intj,  although  a  dienucuj  diange  oramrs  in  them,  by  means  of 
which  aome  of  them  nre  rendered  intioliible  in  acetic  acid  (Fig.  10). 

Althuugfa  tluB  is  the  ngual  method  whereby  the  whil«  areohir 
filires  are  develo[ied,  I  hare  no  doubt  that  they  may  be  occasion* 
ally  produced  by  the  splitting  up  of  iiitei'celluliir  Bnbatauce 
(Heule),  or  by  aiiperpodticin  of  molecular  8ub8t!uii.-e  uround  the 
oadena  (Epigenrti*  of  Bobin). 

Cifainal  cnmjmgition. — Areolar  tissue  coutiuua  a  large  amouut 
at  wnier,  mid  loses  much  of  its  weight  by  dicing.  It  cuiudgts 
alnuvt  wholly  of  gelatin. 

S.   Tk*  •wttrarfiie  cdl  fibraare  seen  in  theeo-called  nou-volunt- 
Mjniuainilarcoalaof  hollow  viscera  (Fl.  TV.  fig.  13),  Here  the  eellu 
doDgnte  into  ^fneifonu  or  «pindle-8ha[>ed  bod^,  tuid,  Hattening  • 
and  tiuiting  at  their  edges,  form  riliand-ahaped  bands,  of  which 
the  atnicture   is   made   up.      On   the  addition  of  acetic   acid 
they  are   seen  to    be  Mudded  with  oval  or   elongated  nuclei 
(Fig.  14).     Each  individual  cell  has  the  property  of  shortening 
its  lengtli  and  swelling  out  laterally,  thiu  producing  contraction 
of  the  tintue.     These  same  cells,  iso]at«d  or  groujted  together, 
the  origin  of  contrat-tionB  in  various  teitures,  such  ae  the 
the  dartoB,  the  uterus,  &c.  (see  p.  68).     In  the  laat-name<l 
daring  pregnancy,  they  are  greatly  enlarged,  and,  though 
ile  previously,  they  assume  that  property  for  the  piir- 
of  espelting  the  ftctus,  or  other  uterine  conteuts— which 
ipliahed,  they  undergo  fatty  or  molecular  hiBtolyais  and 
dim]>pear. 

Numerous  other  examples  of  contractility  in  cells  may  1>e  o1>- 
•arred  among  llic  iufiisorio,  in  the  embryonic  hearts  of  numerous 
and  eejH-'cially  in  cilia,  wbich  must  be  regarded  ua  a  form 
ctf  cwntiactile  cell  Bbres. 

3.  Cilia  are  coutradile  Sbres  resembling  in  shape  the  halzK  of 
tfa*  nyahuhes :  henE«  their  name.  They  are  widely  difiuned  in  the 
M>if"«l  kingdom,  covering  the  bodies  and  respiratory  organs,  or 
■umwwliug  the  oval  aperture  in  infusorial,  molluscous,  and 
oUwT  aninuUa.  lu  man  tbey  cov<:^r  the  lining  membrane  of  the 
naml  [laNaages,  tlie  Eustachian  tulm  and  cavity  of  the  tympanum, 
the  tncliea  and  bronchi,  the  cavity  of  the  uterus  and  Fallopian 
tnbca,  and  thu  vcntriclts  of  the  brain.  Each  cilium  is  like  the 
bUd*  of  a  sabra  in  ihnpe,  that  is,  flat  and  slightly  curved,  liaving 
a  point  and  broad  base  when  it  is  Sied  (Fl.  IV.  fig.  IC).    Tlioy 
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lire  clear  and  structure! eaa.  When  observed  in  action,  they  ' 
move  backwards  and  forwarda  aomething  like  growing  grain 
when  agitated  by  the  wiud.  Their  vibrationa,  however,  are  more 
rapid,  amounting  to  seven  hundred  in  a  minute.  As  the  move- 
meuta  become  slower,  it  can  be  seen  tliat  they  beat  the  water 
faroadwaye,  and  turn  their  edge,  in  coming  bock,  like  the  ac 
of  feathering  the  oar  by  a  boatman.  Tbey  die  from  the  base  up- 
wards, the  top  continuing  to  move  sometime  after  the  base  ia 
motionlesg.     (PL  IV.  figa.  15  and  16.) 

It  baa  been  Buppoaed  that  each  cilinm  is  mored  by  two  minute 
muBclea  inserted  into  its  base  (Ehreuberg) ;  that  it  consists 
double  spiral,  which  is  continually  winding  and  unwinding  itself 
(Barry)  ;  or  tliat  it  is  due  to  imbibition  of  nutrient  fluids  (Beale). 
But  neither  muscles  nor  double  itpirol  con  be  seen  with  our 
highest  magnifying  powers,  and  the  peculiar  and  rapid  to  and 
fro  movementa  in  fluids  are  ineiplicable  on  the  supposition  of 
imhibitioD.  It  must  dei>cud  on  an  inherent  power,  the  uatui'e 
of  which  is  essentially  vital    (See  Contractility.) 

Histolytie  Flbrei. — The  termhiatolyticmaybe  applied  to  those 
fibres  which  reault  from  a  disintegrative  ])roceas,  such  tm  may  be 
seen  in  cartilage,  where,  ns  the  residt  of  molecular  changes  in  the 
interceUular  substances,  it  spUta  up  and  fibrillates,  as  seen  in  Plate 
VI,  figs  3  and  4.  It  has  been  well  figured  and  described  by  Red- 
fern  in  the  morbid  changes  occurring  in  joints.  Such  hiatol3^ia 
molecular  changes  occurring  in  cartilage  may  also  be  observed 
occasionally  to  ^ve  riee  to  histogenetic  fibres,  as  takes  jilace  in 
many  forms  of  fibro-cartilage,  and  in  some  of  those  productions 
denominated  by  Dr  Hand&eld  Jones,  "  fibroid  degenerationa," 
— a  fact  which  strongly  supports  the  molecular  theory  of 
organisation  and  the  alternate  function  of  histogenetic  and  hia- 
tolytic  elements. 

Fanetion  of  tkt  Non-contractile  Fibres. — The  molecular  fibres 
of  blood  and  mucin  can  only  serve  to  give  cousiatence  to  those 
fluids  when  e:ctideil  into  tiasuca  or  collected  on  surfaces,  and  to 
entangle  the  cells  together  so  as  to  favour  their  histolylic 
action.  The  nuclear  or  elastic  fibres  serve  to  connect  joints, 
and  to  give  greater  firmness  and  elasticity  to  certain  tiaauea. 
They  restore  parts  after  they  have  been  moved  by  muscular 
action,  and  heuce  in  various  places  they  supply  an  aatugonistic 
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Tlie  iireobvr  or  cell  fibrous  tisBue  unitea  other 
[  eletnrtilA,  binds  tngethergroupaof  cella,  offers  an  elastic  medium 
pertniUing  niotioD,  and  servtts  oa  a  matrix  to  protect  the  blood 
vwsels  anil  nerves  aa  they  raaifi^  thjiiugh  the  frame.  In  ten- 
dona,  it  itct8  as  the  rope  of  a  pulley  ;  in  ligaments,  as  unitiiig 
jmntB  ;  in  aponeurOHea,  as  a  firm  membrane  for  the  insertion  of 
miiacles  ;  and  in  integument  and  iiiveating  membrane,  as  a  firm 
]>rut«ctiTe  envelope  Ui  the  txxly  or  to  various  viscera. 

In  recent  times  u  Dew  function  has  been  ascribed  to  these 

Sbroiu  Ussues  which  here  requires  uotice.      Reichert  was  the 

I   ftnt  to  gninp  several  of  them  together  under  the  name  of  con- 

I   ikMd'M  jufuet,  because  they  lie  between  and  so  fai'  connect,  or 

•  KCUiker  moire  correctly  states,  support,  various  histological 

lements.    It  was  euppoeei)  that  tbey  were  united  together  or 

cunlinuoDB  tbrooghout  the  organism,  and  served  as  a  suliatratum 

or  bwds  tianie  to  all  parts  of  Uie  body.     KOlliker  so  far  differs 

finca  thia  view,  as  to  consider  tliat  it  is  not  bo  much  their  ana- 

tfaniatl  uniim  as  the  geuetical   connection  between  them  and 

[  their  correspondence  in  fimction  wliich    keep  them  together, 

\  Bm  when  it  is  considered  that  these  connective  tissues  are  said 

1  t)e  the  vitreous  humour  of  the  eye  ;  mucous  tissue  as  it  is 

I  finiiid  in  llie  umbilicaJ  cord  aiid  in  the  lower  ammals  ;  the  gela- 

I  Unoui  tijeute  of  the  embryo  \  the  areotur  and  elastic  tissues  of 

I  tho  ndult,  with  thuir  various  modilicatioDS,  us  observed  in  tea- 

•Inn,  ligament,  njioneuroses,  &c.  ;  as  well  aa  the  tissues  of  carti- 

L   Iag«,   lioiie,  and   even   of   tuoth, — the   idea  of  gmujiing  them 

together,  on  the  gruuDd  of  either  structure  or  function,  seems 

R  arbitniy.    If  the  term  coimective  tissue  be  limited  to 

I,  ligMuent,  elastic  or  areolar  tissue,  which  unite  and  con- 

'uportnut  parts,  there  can  be  no  objection  to  its 

;  but  to  call  a  tooth,  or  the  vitreoos  humour  of  the 

\,  euimectivH  tissue,  can  only  lead  to  confusion  of  facte 

ilul  Virvh'iw  has  eveu  still  further  eilemled  this  group  of 
iLe  runiiective  tismies  \  for,  in  addition  to  those  previously 
luunrd,  hu  hohls  that  fat.  oomea,  and  the  grey  substance  of  the 
9  iUho  oiDuective  tiMuea,  In  this  manner,  connective 
iK  may  be  structimUly  tibroos  in  ligament,  cellular  iu  fat, 
lein  mrtilnge,  and  molecular  in  the  grey  substance  of  the 
~  "  *lly,  it  may  be  choodrin  in  cartilage,  albumin- 
,  tiMVy  in  cornea,  petuliar  iu  elastic  tissue,  and 
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mioeraj  in  bone.  Heiice  the  mogt  diversified  substances  as  to 
Htnicture,  chemical  compoeitiou,  and  vital  aud  phyijical  pro- 
pertiea  are  naaociiited  tiigetber.  What  other  hiatologiat«  cunsider 
solid  fibres,  Virchow  regnrtls  as  hollow  tubes,  aud  sa^  the; 
serve  to  convey  a  nutritive  fluid  to  all  parts  of  the  economy. 
And  ugtUD,  what  are  almost  univereaJly  thought  to  be  nuclei,  he 
maintains  are  cells  (connective  tissue  cells),  aud  decUrea  theoi 
to  be  the  ori)^  of  all  healthy  and  morbid  formations.  This 
Inst  view  I  shall  again  allnde  to.  But  with  regard  to  tlie  sohd 
fibres  of  areolar  and  ehistic  tissue  being  tubes,  an  eiaminntiou 
of  a  trnjisverse  section  of  a  teudiin  will  at  ouce  disprove  tlie 
statement,  for  there  the  ultiniiite  fibres  of  which  we  liave  spoken 
can  be  seen,  with  a  sufiicient  magnifying  power,  to  have  no 
cavity,  and,  therefore,  to  be  solid.  It  is  true  that  the  bundles 
of  these  fibres  frequently  h»ve  little  efuices  where  they  meet, 
with  three  or  four  angles  having  divisions  leading  Itetween  the 
bundles.  Three,  as  pointed  out  by  Henle,  explain  the  appear- 
ances in  tendon  referred  to  by  Virchow,  aud  account  for  the 
mistake  he  has  cniuiDitt«d. 

We  must  conclude  therefore  that  no  such  system  of  tubes 
hajft  l>eeu  supposed  by  Virchow,  exists  in  the  fibrous  ti 
generally.     In  btiue,  certainly  minute  cauab  are  visible,  and  we 
can  see  coloured  fluids  run  into  them.     Nothing  of  the  kind 
exists  in  the  fibrous  tissues,  vitreous  humour,  or  braiu, 
there  any  ground  for  belief  that  the  nutrient  fluids  which  per- 
meate the  tissues  are  derived  from  any  other  source  than  tits 
blood  vessels,  or  that  these  l&tter  are  assisted  by  a  suppleneuta^i 
circulation.     Dr  Beale,  after  careful  investigation  of  this  sal>> 
ject,  has  arrived  at  the  aiune  conclusion. 


Functionof  Contractile  Fihra. — The  nature  of  cuulractility 
a  vita]  action  will  lie  subsequeutly  considered.  (See  Vital  Pi«> 
pertiea  of  the  Tissues.)  Here  it  is  only  necessary  to  point  out 
that  the  textures  endowuil  with  it,  when  stimulatud,  eitlier 
directly  or  iudirectty,  first  contract  in  consequence  of  a  closer 
a^regation  of  the  molecules  of  which  they  are  conijioeed,  and 
subsequently  relax,  when  they  return  to  the  condition  which 
characterised  them  when  at  rest.  This  power  is  utilised  in  the 
animal  economy  in  various  ways.  In  the  lowest  forms  of  ani- 
mal and  vegetable  life,  it  permits  of  change  of  placv,  by  causing' 
seqientine,  or  alternate  inovemeota,  which,  overcoming  the  fc 
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of  ranstanoe  in  fluids  or  solids,  permits  of  locomotion.  In  cilia, 
a  similar  result  may  take  place  if  they  are  attached  to  small 
bodies,  but  if  fixed  to  large  ones  or  extended  surfaces,  they  induce 
currents  in  the  fluids  which  cover  them.  In  isolated  nuclei,  or 
cells  scattered  through  the  skin,  it  induces  contractions,  pucker- 
ings,  erections  of  the  hair  or  feathers.  When  the  tissue  is  ar- 
ranged in  layers,  as  in  the  iris  or  round  hollow  viscera,  it  induces 
contractions  and  dilations  in  apertures  or  organs.  In  the  voluntary 
muscular  system  generally,  when  co-ordinated  by  the  nerves  and 
nerve  centres,  it  occasions  reflex  and  voluntary  movement& 
All  kinds  of  contractility  may  be  excited  by  direct  irritants, 
while  some  act  in  obedience  to  certain  nervous  influences,  and 
others  to  different  ones.  The  voluntary  muscular  fibres  possess 
contractility  in  the  highest  degree,  and  hence  their  study,  as  influ- 
enced by  varied  conditions,  is  one  of  the  greatest  importance. 

Effects  of  irritajits  on  muscles. — Some  substances  easily  cause 
contraction  of  muscles  when  applied  directly  to  them,  even  if 
greatly  diluted  ;  whereas  to  produce  the  same  effect  through 
the  nerves,  they  require  to  be  concentrated.  Among  these  are 
— the  mineral  acids,  especially  muriatic  and  nitric  acids ;  the 
Jjhama  salts,  as  chloride  of  sodium,  chloride  of  potassium, 
/  chloride  of  lime  ;  as  well  as  some  organic  substances,  as 
acetic  acid,  lactic  acid,  and  glycerine.  A  second  class  of  sub- 
stances induce  contraction  equally,  whether  applied  to  the 
nerve  or  to  the  muscle.  Among  these  are  caustic  potash  and 
soda.  A  third  class  of  chemical  substances  act  powerfully  on 
the  muscle,  but  not  at  all  upon  the  nerve  ;  such  as  chromic 
acid,  sulphate  of  copper,  chloride  of  iron,  basic  and  neutral 
acetate  of  lead,  lime,  and,  above  all,  ammonia.  A  fourth  class 
of  substances  act  exactly  in  an  opposite  manner — that  is,  upon 
the  nerve,  but  not  on  the  muscle,  or  very  slightly  so  ;  such  as 
creasote,  alcohol,  concentrated  glycerine,  and  undiluted  lactic 
acid.  Finally,  a  fifth  class  exists  which  have  no  power  of  pro- 
ducing contniction  when  applied  to  either  muscle  or  nei-ve  ; 
such  as  the  fatty  oils  and  turpentine.*  When  the  sensibility 
of  the  muscular  nerves  has  been  quite  destroyed  in  various 
wa}'8,  it  was  shewn  by  Wittich  that  contractility  could  be 
powerfully  induced  on  injecting  water  into  the  blood  vessels. 
The  amount  of  contractility  in  different  muscles  is  influenced 

•  See  K&hne  in  Archiv.  f.  Anat.  iizid.  Phys.    1869. 
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— supposing  tliom  to  be  equally  contractile  (uid  healthy — by  tha 
amount  of  nwistance  they  have  to  overcome,  and  by  their  Btatio. 
force.  Ill  the  iuilividual  muscles  of  animals  this  can  Ik;  deter- 
mined with  exactitude  by  hanging  to  them  different  weights, 
causing  them  to  contract  audilenly  by  galvanism,  and  marking 
off  tlie  result  by  means  of  PfliigBr's  myographiou.  (See  Prac- 
tical Physiology.)  The  efforts  of  particular  musctei  when  per- 
fMmiug  complex  actiouB,  however,  it  is  very  difficult  to  estimate. 
EfftO*  o/poitoM  on  tnutclet, — Strychnine,  as  is  well  known, 
excitea  powerful  tetanic  sptuans  iu  muscles.  C'ouiene  cauaea 
paralysis,  which,  in  man,  has  been  sliewu  to  commence  in  the 
lower  extremities  and  proceed  upwards.*  Other  poisons  influ- 
ence more  eqieciolly  purticuiar  muscles  :  such  as  aconite,  which 
operates  on  the  heart  ;  lead,  on  the  eiteosors  of  the  arms  ; 
can thitri lies,  on  the  urinary  liladder  ;  aecale  comutum,  on  th« 
pregnant  uf«rus,  &c  Bernard  shewed  that  with  curam  th* 
motor  nervea  might  be  panilj-aed  without  affecting  the  mil»- 
cnlar  contractility  ;  and  Kolliker  has  demonstrated  that  ven- 
trine  destroys  the  contractility  without  affecting  the  motw 
nerves.  Both  poisons  operate  tlirough  the  circulation.  Thew 
facts  serve  to  confirm — althimgh  in  no  way  necessary^tlM 
Hallerian  doctrine  of  irritability. 

Evolution  of  dtctricitff  by  mwicUi, — All  muscles  evolve  a  caa- 
■Unt  stream  of  electricity,  wliich  may  be  shewn  by  a  multiply- 
ing galvanometer  to  pass  from  the  long  external  surface,  whicb 
is  positive,  to  the  transversely  cut  section,  which  is  negativa. . 
lliiB  current  is  strongest  in  inactive  muscles,  because  whea 
stimulated  to  contract,  the  inteuEdty  of  tlie  current  is  seuaiUy 
diminlBhed.     (See  Animal  Electricity.) 

EfKU  nf  tiectririiff  an  mu*da. — If  a  continuous  stream  <rf 
electririty  is  sent  through  a  muscle,  contiactions  take  place 
tbu  moment  of  opening  and  abutting  the  cii'cuit ;  otherwise 
effect  is  produced.     These  contractions  are  the  more  ]M>werl 
the  less   the   muscle   is  fatigued.      One   electrical    shock  b« 
through  a  muscle  may  last  only  the  one-thousaudth  part  of  t, 
second.     The  contraction  of  the  muscle  produced  does 
so  rapidly,  but  readies  its  maximum  and  returns  to  its  former 
state  in  one-fuurtli  of  a  second.     If  two  shocks  are  given,  tbe 
second  immediately  after  the  muscle  has  returned  to  a  state  of 

•  SwIhcAulhor'aOueof  Piiiiuiiingbj'Ilciiilack,  "Prlni^ipJnuii. 
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it  then  iLere  are  two  ooiitructioiiB.  If  the  eeoond  shock  is 
I  givwj  duriug  the  operation  of  the  first,  and  the  muscle  is  either 
I  «hnrt«iuiig  or  lengthening,  it  uniBea  inercdsed  shortening.  But 
I  if  Uie  (teconj  stroke  follow  very  rapidly  on  the  first — that  is, 
^tbin  the  aix-hnudreth  of  a  second — the  shortening  is  not 
graairr  than  with  one  stroke.  If  several  shocks  are  given 
I  before  a  muscle  luw  time  to  be  relaxed,  it  becomes  bard  and 
I  pcmiautiiitlj  contracted,  coustitutiug  tetimm.  (See  Practical 
1   PhjfHioIogy.) 

Miaetdar  fatiipiie. — The  stronger  the  contractions,  the  oftener 
I  tiiey  »Hf  re{ieat«l,  and  the  greater  the  resiatante  niu»clea  over- 
e,  the  sooner  ore  they  fatigued.  Much  also  will  depend  on 
1  the  gxnend  nutrition  of  the  economy,  and  on  conditions  cou- 
d  with  the  motor  and  sensory  nerves.  Thus  the  mii8cli.<s 
1  are  not  so  easily  fatigued  as  those  of  a  weak 
I  fever,  the  ninselea,  without  any  exertion,  reoub  the 
•  degree  of  fatigue  or  weakness. 

":  rigiditii  is  eharacteriaed  by  loss  of  contractility, 
P  risatidty,  and  of  electro-motor  power.  Its  cause  is  now  generally 
I  attribnted  to  the  coagulation  of  the  muscular  subvtaQce,  which 
)  io  Um  linug  body  is  partly  fluid  (Briicke).  It  commences  in 
I  tlia  neck  and  phalangeal  muscles,  then  panses  to  tboee  of  the 
boe,  tb«n  to  the  upper  extremities,  the  trunk,  and  lastly  to  the 
IT  estremitiea.  The  heart  is  rigid  very  early.  The  time  of 
I  fta  dantiau  variea  grenitly,  and  occuis  from  a  quarter  of  an 
I  eiglibvu  hours  aft«r  death.  It  may  last  from  some  hours 
I  to  fi<re  or  sis  days.  The  longer  it  is  in  appearing,  the  longer 
Uy  it  iaala.  It  m  often  very  slight,  and  after  death,  in 
b  long  driven,  or  dying  after  being  cliaeed,  or  from  severe 
-tain  poisona,  or  killed  by  ligbtAing,  it  is 
f  psroeptible.  The  disapiMsrance  of  the  rigidity  takea 
amv  order  as  it  came  on,  lliat  is,  from  above  down- 
its  cesation,   putrefaction  and  real  deatb  of   the 


Tub  TiTBin-iit  Elekbstb  of  the  TiasuBs. 

I        DefiniHon. — By  a  tube  is  ondcrstood,  as  an  element  of  the 

I  textures,  a  iniemscopieal  filament  computed  of  a  wall  and  con- 

UaU.     optically  it  is  distingnialied  from  a  fibre  by  one  or  two 

IliiM  linaB  on  each  side,  gradually  passing   into  a  broad  light 

«nce  ID  the  ooutre. 
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Varieties  nf  tubts. — Tlieae  are  nuinerouB  in  plants,  wliere  they 
conBtitUte  ibe  varioUH  diicU — BUnpie,  dotted,  reticulated,  spinJ, 
Mid  soUariforxn — aoid  laticiferous  tissHe.  In  anunals  we  may 
divide  them  into  Air,  Bluod,  Dental,  Boue,  and  Nerve  Tubes. 


Aift  Tubes. — The  larger  air  and  blood  tuliea,  Bucb  aa  the 
trachea  and  bronchi  on  the  oiiehand,  and  the  large  arteries  and 
veimi  on  the  other,  raust  not  be  regarded  aa  elementary  tubes, 
but  as  hollow  viswra,  being  composed  of  various  kminffi  or 
coftta.  Their  ultimate  ramifications,  however,  become  more 
simple.  The  air  tnbes  are  strengthened  in  the  higher  aiiimala 
with  rings  or  nodules  of  ctti-tilnge,  «i  as  to  keep  them  pemui- 
neutty  open ;  and  in  the  lower  auiiuals,  especially  insects,  u 
in  plants,  they  present  a  spiral  fibre  in  their  interior,  aa  that 
they  are  idwiLya  patent.     (See  Eespiration.) 

Eu>OD  TiniES. — A  minute  examination  of  the  blood  vessel^ 
including  the  lymphatics  aaid  bcteals,  lias  euablc-d  the  hiatolft- 
gist,  following  Henle,  to  demonstrate  in  them  one  or  more  of  Uw 
following  layers.  These,  as  seen  in  a  larger  artery,  may  be 
enumerated  ae  follows,  from  within  outwards, — 

1st.  The  internal  layer  presents  all  the  obarauters  of  pave- 
ment epithelium,  the  cella  varying  in  sbap,  and  beiug  oocaaitxi- 
ally  fusiform. 

2d.  The  next  layer  is  a  trausparecl,  debcjite,  and  fragile 
membrane,  which  easily  rolls  upon  itself.  It  is  diatiugiiished 
by  long,  occasionally  branded  nuclei,  running  transversely, 
with  round  or  ovnl  openingn  of  various  sizes  perforating  tho 
layer.  It  is  called  the  striat«d,  perforated,  or  fenestrated 
membrane,  and  is  occasionally  absent  (Plate.  V.  fig.  2,  a). 

3d.  The  third  layer  is  cboiacteriBed  by  longitudinal  lines 
which  are  in  no  way  changed  by  acetic  acid.  It  is  formed  of 
one  or  more  layers  (Plate  V.  fig.  3,  a,  a,  and  fig.  6,  (,  (,  (). 

4t]i.  The  fourth  layer  is  distinguished  by  short  transverse  lines, 
which  alternate  with  «ach  other.  It  is  much  developed  in  large 
yesseta,  ami  constitutes,  with  the  third  layer,  what  is  called  th» 
middle  coat  (Plate  V.  fig.  3,  b,  b,  and  fig.  (J.  h,  h). 

fith.  Tho  fifth  layer  is  only  found  in  the  larger  vcescls,  and  il 
simply  yellow  elastic  tissue  (Plate  V.  fig.  4). 

6th.  The  sixth  layer  is  composed  of  white  areolar  tissue,  ihfl 
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fibresof  which  are  airangeil  lougitudinaJly,  having  scattered  here 
and  there  among  them  peraiatent  un^-lei  (Plato  TV,  figa.  6  and  7). 
Thi;  satiafactoiy  separation  and  ilemcrnHtration  of  these  differ- 
ent Iiij-ers  requires  great  care.  Some  are  better  seen  in  the 
Mteriee  thau  in  the  veins,  or  in  vessels  of  a  particular  size.  A 
liule  eiperieuce,  however,  will  satisfy  the  observer  of  the  cotrect- 
■■«•■  of  Henle's  description. 

Aa  the  bliX)d-ve«8elB  are  traced  towartis  their  capillary  t«r- 
nuBAtions,  they  gratliially  lose  their  eluntic  and  areolar  coats. 
In  ■null  arteHea,  we  see  them  almost  wholly  composed  of  fusi- 
(urtu  colli,  arranged  in  two  layers,  longitndinal  and  circular. 
(PL  V.  fig.  3).  Sometimes  these  cells  assume  a  siiiral  form  ronnd 
the  internal  Uyer,  aa  shewu  by  Mr  Lister  (Fig.  6),  At  other 
timea  they  hlend  together  (Fig.  2),  and  in  the  nltimate  capillary 
we  observe  only  a  simple  membrane,  having  oval  nuclei  ini- 
faeild«d  in  it  (Fig.  1).  Such  membrane  is  admirably  fitted  to 
[wrmit  uf  trttnsudiitian  through  it  nf  the  nutritive  fluid  esBcntiai 
for  th*  ranintenanco  of  the  animal  atructiires. 

CimtfoetiU  movementt  of  Uond  (irfxa.— The  blood  tubes  are 
vnileiitly  contractile,  an<l  capable  of  diminishing  or  enlargicg 
nlihreB  luider  the  action  of  various  stimuli,  such  as 
and  chemical  irritinta  on  the  one  hand,  and  peculiar 
Inences  on  the  other.  Thus,  friction,  cold,  diemical 
its,  and  warmth  produce  pallor  or  redness  of  the  swr- 
!,  Mid  similar  effects  are  occasioned  by  the  mental  emotions 
iif  (r»i  and  shame.  Mr  Lister  was  the  first  clearly  U>  demon- 
rfmto  on  the  minuter  arteries  contractile  fibre  cells,  to  which  he 
■Uributed  the  effects,  and  to  these  only  he  limits  the  contractile 
property.  I  am  satisfied,  however,  from  many  careful  obaerra- 
tinn*,  that  tlii«  [iroperty  especially  belongs  to  the  ultimate 
oqiillariw,  which  I  have  seen,  under  stimulation,  diminish  to  one 
half  their  calibre,  so  as  to  squeeze  out  and  prevent  the  re- 
mtrance  of  the  coloured  corpuscles.  The  experiments  of  John 
Ilontcr  led  liini  to  conclude  that  theelastic  property  is  strongest 
in  ihu  large,  and  contmctflity  strongest  in  the  smaUest  veaselB, 
ui  opinion  wliivh  the  more  minute  histological  observations  of 
Biodimi  times  hnvo  proved  to  be  correct. 

T^e  tlftal'ifaiifnt  uf  hlnod  tuba  may  be  readily  followed  in  the 
vaacnlar  layer  of  tlie  germinal  membrane,  aiid  in  certain  Boroos 
rXudatiMUt,  where  the  cells  may  be  seen  of  u  triungulnr  or  varied 
•lia|M,  throwing  out  proccmes  to  unite  with  one  another  and  for 
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a  capillary  plejtua  {n.  V,  fig.  7, o, (/,«,/).     Subaequently,  fusiform  1 
cella  can  be  observed  aggregated  aroniid  them  to  proiliice 
different  Inyej^  (Fig.  7,  c,t). 

Th*  function  of  the  blood  tvba  is  to  permit  tbe  blt)od  ti 
distributed  to  lUl  parts  of  the  oi-gnnimi.     The  coloureil  or 
blood  pnsBea  out  by  tbe  urteriea  and  iuwania  by  the  veini. 
capillariea  or  intermediary  voaeela  so  subdivide  it  as  to  permit 
the  corpuscles  to  carry  oiygen  la  the  tiaBuea,  and  these  last  to 
effect  exchanges  between  themselves  and  the  blood.     The  deli- 
cate homogeneous  atnictura  they  present  admirably  fits  them 
for  acting  as  fine  filters  subject  to  vital  laws,  retaiuing  the  solid  | 
corpusc^les  and  granules,  and  allowing  only  the  fluid  )x>rtioiis  to  J 
tmuHude.     The  lympliatics  and  chyle  veaselB  convey  tbe  colour-    j 
lees  or  white  blood  from  the  tissues  and  alimentary  canal  towards 
the  large  veins  in  the  neck,  where  they  join  the  circulation  near 
the  heart,  a  function  in  whidi,[ike  what  occurs  in  the  veins,  they 
are  greatly  assisted  by  the  numerous  valves  in  their  interior. 


Dental  Titbes. — On  makiag  a  section  of  a  tooth,  it  is  8e< 
couabt,  Ist,  internally  of  a  jml/i  which  is  richly  supplied  witk  | 
blood  vessels  and  nerves  ;  2d,  of  the  tpoiy  or  dentine,  constitnt-    I 
iug  the  chief  bulk  of  its  substance ;  3il,  of  enanxd,  which  forma    ' 
a  layer  over  tbe  crown ;  and  4tli,  of  the  ormCa  peiroia  whiob 
surrounds  the  root. 

rS^/jiJpconsistaof  fat  cells,  united  together  by  a  BiuaUnnionnt   | 
of  areolar  tissue,  among  which  a  rich  plexus  of  blood  vesBela 
are  distributed  and  numerous  terminal  loops  of  the  dental  nerve. 

The  ivory  or  dentine  is  a  firm  substance,  consisting  of  an 
anuual  basis  impregnated  throughout  with  phosphate  of  limo. 
On  exainioing  a  tliin  section  of  it  under  magnifying  powers, 
minute  tubes  ara  seen  radiating  through  it,  and  passing  from 
the  central  cavity  to  the  circumference  (Phite  V.  fig.  10,  a).  They 
are  about  the  I.lO.OOath  to  the  1.5,000th  of  an  inch  in  diameter, 
run  in  pamllel  lines,  and  occasionally  send  off  lateral  branches. 
They  terminate  abruptly  at  the  line  of  junction  between  the 
dentine  and  enamel  above  and  dentine  and  cmsta  )>etroea  below. 
A  traUBVerse  section  shews  them  to  possess  a  distinct  wall,  with 
as^ncein  the  centre  (Fig,  9).  Mr  Tomes  describes  a  pulpy  sub- 
stance us  tilling  these  tube^i,  which  he  considers  to  be  nervoi 
its  naturu.  But,  as  stated  by  Dr  BeaJe,  it  is  more  probablj  J 
coagulated  nutiilive  matter- 
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The  encand,  at  one  time  tubular,  in  the  adult  is  composed  of 
solid  prisms,  the  phosphate  of  lime  having  invaded  every  avail- 
able space.  It  is  therefore  harder, — containing  more  mineral  and 
leas  animal  matter, — than  dentine.  On  making  sections  through 
it  in  various  directions  the  solid  prisms  may  be  seen  running 
vertically  outwards  in  straight  or  wavy  lines  (Plate  V.  fig.  8,  a).  A 
perfectly  transverse  section  shews  them  to  be  closely  compressed 
together,  and  of  an  hexagonal  form  (Plate  V.  fig.  11). 

The  cruMa  petroea  is  in  fact  a  layer  of  bone  which  surrounds 
the  root  of  the  tooth  (see  Bone).  (PL  V.  fig.  10, 6.)  When  young, 
this  texture  may  frequently  be  seen  to  be  forming,  by  the  apposi- 
tion of  rounded  solid  masses,  formerly  called  bone  cells,  in  the 
centre  of  which  is  a  nucleus  or  cavity,  that  constitutes  the 
lacunee  of  the  structure  (Plate  V.  fig.  12). 

Chemical  composition  of  Tooth, — The  dental  tisues  consist  of 
certain  inorganic  matters  united  with  an  organic  basis.  In 
crusta  petrosa  the  organic  basis  is  the  same  as  that  of  bone. 
The  organic  matter  of  dentine  is  resolved  by  prolonged  boiling 
into  gelatin,  while  that  of  enamel  does  not  yield  gelatin,  but 
a  substance  allied  to  the  chemical  basis  of  epithelium. 

The  proportion  of  inorganic  to  organic  matter,  and  the  com- 
position of  the  former  will  be  seen  from  the  following  analyses 
by  Von  Bibra.* 


Enamd — 

Phosphate  of 
Calciiun  and 
Fluoride   of 
Calcium. 

Carbonate  of 
Calcium. 

! 

i 

3 

IS 

t 

Organio 
Matter. 

Man,  molar 

89-82 

437 

1-34 

•88    96-41 

-20 

3-59 

Woman,  molar 

81-63 

8-88 

2-55 

•97    94-03 

Trace 

5-97 

Horse,  molar 

89-01 

1-19 

1-95 

-60 

9275 

-19 

7-25 

Dentine — 

Man,  molar 

66^72 

3-36 

1-08 

•83 

7r99 

•40 

28^01 

Woman,  molar 

67-54    7-97 

2-49 

1  -00 

79^00 

•58 

21^00 

Ox,  incisor 

5833 

7-39 

0-97 

•75 

67-44 

•52 

3256 

Crusta  petro$a — 
Ox,  incisor 

58^00 

7-22 

•99 

•73 

66-94 

•95 

33^06 

WhoU  teeth^ 

Pike 

63^98 

2^54 

•73 

•97 

68-22 

M8 

31-78 

*  Von  Blbra.  Chem.  Unteriuch.  ttber  die  Knochen  u.  Zfthne.    184i. 


88  TUBULAR  ELEMENTS 

The  fiuictioa  oi  these  d[fferent  textures  in  a  tooth  is  evidentl] 
to  combiiie  firmness  and  harduesa  with  the  power  of  keeping 
nutrition.  The  coAmel  resiata  pressure  and  the  friction  nt 
aarj  in  the  act  of  mastication.  Through  deotitfe  tulies  the  ni 
live  mutter  is  conreyed  from,  the  vaacular  pulp  ia  sJl  parts  o 
subatani'e,  while  tlie  softer  (.-rustA  petrosa  &rml,v  wedges 
tooth  in  its  socket,  and  dimiuifllies  tlie  etfeets  of  jats  and 
ciwsioLB.  Wliere,  in  the  t«eth  of  the  lower  animuls,  two  or 
more  of  these  substances  reach  the  surface,  attrition  acts  upon 
thew  (lifierently,  keeping  the  edges  of  the  incisors  sharp,  as  in 
the  rodentia,  or  the  surface  rough,  as  in  the  graminivor*. 

Bo»E  TcsKS. — Though  the  osseous,  like  the  dental  texture  is 
charsfterised  \iy  its  tubular  arrangements,  the  complex  structure 
it  preiKutA  renders  its  ulnsaification  diflicult.  Cikrtilage  ia 
essentially  a  celtuhir  tissue,  yet  its  relation  to  bone  forces  upon 
us  the  necessity  of  describing  them  together  in  this  pbce. 

Cartilage  or  gristle  is  aD  opaque,  n on- vascular  substance  of 
pearly  or  bluish  white  colour,  approaching  towards  yellow.  It 
is  easily  cut  with  a  sharp  knife,  yet  possesses  tolerable  dentdtj. 
It  is  highly  elastic,  and  in  thiu  slices  is  translucent.  In  the 
early  embryo  and  young  animal,  the  skeleton  is  mostly  cartila- 
ginous, and  ia  afterwards  transformed  into  bone.  Such  ciirtila^ 
is  called  temporary.  Permaneitl  cartilage  covers  the  articular] 
surfaces  of  joints,  and  is  present  in  the  costal  cai'tilages,  tl 
external  ear,  the  extremity  of  the  nose,  eyelids,  the  Eustachi 
tube,  the  larynx,  and  tlie  tmchea.  In  all  these  si 
aiderable  firmness,  imited  to  elasticity,  is  given  t 
although  they  become  mure  rigid  as  life  advances  towards  (i 
age.  The  structure  somewhat  varies  in  articular,  costal,  t 
dbro-cartilage. 

Articular  CartUage. — A  tliin  section  cut  parallel  with  the  i 
face  of  a  joint  consists  of  rounded  or  oval  isobted  cells  embedded 
in  a  semi-translucent  hyaline  substance.  If  cut  vertically  » 
the  joint,  the  cells,  as  they  approach  the  bone,  may  be  seen  t 
arrange  themselves  in  groups  of  twos  and  fours,  sometimes  : 
by  side,  at  othera,  lengthways  (PI.  VI.  figa  1, 9, 6,  c,  </,«,/).  ' 
cells  are  nucleated  often  with  nucleoli,  and  prest^nt  great  v 
ties  in  alts  and  development.  They  are  unaffected  by  re-agentii 
The  hyaline  or  iut^rcuUulur  matter  presents  no  structure  undel 


I 
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ordinanr  circomslnnees,  but  wlien  digeased  eThibits  a  tendency, 
finrt  U)  liecome  opiique  aiid  mok-culiir,  and  aubscquently  fibrous. 
Cottal  Cartilai/t. — A  tnuiavenie  section  of  costal  cartilage 
always  displn ys  a  point  of  osgilitation  in  its  oeutre  similar  to  what 
exiAtsiti  foetal  ix>ae(Pl.  VI.  fig.  11).  To-warda  the  circumfereuce, 
iaolated  tells  niuy  be  seeu  embedded  in  the  clear  intercellular 
mbetance,  but  towards  the  bony  ceutre  they  may  be  seen  U> 

'    uraiige  iLeiuselves,  first  in  groups,  and  then  in  rows  raiiinting 

I  frncD  thkt  centre.  A  aectioD  of  the  structure  at  this  point  exhibits 
tlw  primary  changes  of  cartilage  passing  into  bone  (Plate  YI. 
6g&  IS,  13,  14). 

Fibrti-Ctrtila^  is  well  seen  tu  intervertebral  substance,  the 
tf»gli>ttis,aad  cartilages  of  the  ear.     The  intercellular  substance 
I  is  composed  of  fibrous  tiasue,  and  the  greate«t 

'  diTCErnty  nuiy  exist  as  to  the  resj)ective  amount  of  cella  and 
fibnus  elements  in  various  places.  Tliere  may  be  majiy  celb 
and  few  fibres,  or  nearly  the  whole  t«xlure  may  be  fibrous,  and 
the  cells  few  and  far  between  (Plate  VI.  tig.  3). 

t'crtai  Cirlilage. — In  the  early  embryo,  cartilage  is  mostly 
cellular,  the  hyaline  substance  increasing  in  amount  and  sepa- 
nUing  the  cells  as  development  proceeds.  The  same  modificar- 
'n  structure  are  observable  in  the  lower  aniuuls,  as  in  the 

'   «*rof  the  bnt  and  mouse,  iu  the  ciittle-flsh,  lamprey,  Sic,  &c. 

'  Th«  changes  which  occur  in  foetal  cartilage  on  its  trauiiformation  - 
intu  buDd  will  be  subseijuently  described. 

bittattd  C'iriilufft. — When  cartilage  is  injured  or  irritated, 
both  the  oills  and  hyaline  substance  undergo  marked  altera- 
tinn  (Redfcrii).  The  former  enlarge,  new  cells  form  in  the 
inticrior  by  Oiviaioii  and  subdivision  of  the  nucleus  (prolifera- 
tkn),  and  tertiary,  or  even  quaternary  cella  may  be  formed 
wi^Dt  this  (PUte  VT.  fig.  a,  J,  h).  On  the  distension  of  the  ori- 
gi&al  ceD  wall,  by  the  young  included  cartilage  cells,  the  former 
may  burst,  liberating  the  secondary  or  terliat;  cells.  These 
dilhisn  theiii<«lves  in  the  intercellular  matter  which  becomes 
(Wniten  and  pidpy,  and  sul>sei)ueiit]y  bre-ika  down,  prmlucbg 
ttw  degsDemtions  and  abrasions  so  cliar^teristic  of  diseased 
tsrtibtge  (Fig.  Hi).  The  hyaline  or  int^rceilular  matter  at  the 
mtM  time,  tirift  becinucs  turbid  and  opaque,  and  then  splits  uji 
a  fibrM,  which  add  to  the  disintegration  process  in  the  tissue, 
cMiaing  the  villous  changes  on  the  surface,  ch-arai'teriRtic  of 
Ic  white  swellings  nt  a  joint  (Plate  VL  figs,  4, 8).    Hyi)er- 
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trophy  of  cartilage,  es|iecinJly  in  the  form  of  tumour,  is  called 
Enckondfoma. 

Chem,irxd.  Campotition  of  Cartilage. — About  dstj  parts 
hundred  of  permanent  cartilage  consiet^of  water.  By  prolonged 
boiling  in  water,  cartilage  is  resolved  into  chondriii,  which 
gelatiuisea  on  cooling.  The  gelatinous  masB  also  contains  gelatin 
derived  from  the  fibrous  tissne  which  is  liaually  associated  with 
cartilage.  The  temporary  cartilages  are  resolved  by  boiling  into 
a  substance  resembling  chondrin,  bat  differing  from  it  in  not 
congealing  when  allowed  to  cooL  The  ash  of  cartilage  cunsista 
of  carbonate  of  soda,  aidpluiit«  of  soda,  carbonate  of  lime,  and 
other  salts,  the  relative  proportion  of  which  will  \ye  iseen  in  the 
following  nualysis  by  Prommlierz  and  Gugert  * : — 
Analysis  of  Ath  of  Cartilage — 100  parts. 


1 

d  I 


uaroomite  oi  sooa, 
8ulphal«  of  aoda, 

24.24 

Chloride  of  sodium. 

a23 

i}.ii2 

CalC^^onS' 

1.30 
1K37 

4.0fi 

Phosphate  of  niagueaia,    . 
Oxide  of  iron  and  Uffls,      . 

6.  ill 

1.00 

Bone. — On  making  a  longitudinal  section  of  a  long  bone,  « 
examining  it  with  a  low  puwer  (20  diameters],  it  presents  i 
appSJirance  represeuteil,  Plate  Vl.  fig.  6.  Tliat  is  canals  n 
ning  lengthways,  and  freely  communicating  with  one  another, 
emiiedded  in  a  finely  dotted  structure.  These  cauide  are  thoae  of 
Havers.  On  now  examining  the  same  structure  with  a  higher 
power  (SOO  diameters),  we  obsei'Ve  the  appearance  represented. 
Fig.  8.  The  canals,  of  course,  are  largei'  to  the  eye,  but  the  dots 
appear  as  oval  or  fuuiform  opaque  spota,  with  fine  lines  radiating 
from  them  and  connecting  these  s[iola  with  one  another.  These 
are  the  iattauEot  bone,  rendered  opaque  by  tlie  debris  orsawiluat  ■ 
produced  by  grinding  the  preparation,  and  tlieii  connecting  a 


e  look  at  a  transverse  section  of  the  m 


magntlied  200  diameters,  ai 


n  Fig.  7,  we  aeo  the  hirge  o; 


e  the  Haversian  canals  cut  across,  sometimes  dear,  t 
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otben  opaque  from  accumulated  and  adherent  aawilusL  The 
ajTDUgeiueiit  of  the  lacunte  ui  conceutric  uirclea  rouud  these 
k  in  also  observahli!,  the  canaliculi  of  the  internfll  niw  com- 
nanicntiiig  with  the  large  Haversian  cund,  auiJ  the  utbeniwith 
miCCQMivelauuuiE  until  tlieteimiiuilorexteriuil  rowisreuched.  It 
b  thos  dettKinatrateil  timt  there  \a  a  channel  of  communication 
betweeu  the  Taitcular  lining  membrane  of  the  Haveraiau  canal, 
through  the  miuute  tubes  or  canaliculi  and  lacuns',  to  the  distant 
concentric  ciivle«  of  each  system  pervading  the  osaeouH  texture. 
The  lacuna;,  with  the  tubes  or  canaliculi  leading  from  them, 
Tary  (MUsidcnLbly,  iu  form  and  length,  in  rarious  parts  of  the 
oateons  t«zture,  and  especially  iu  the  ttoues  of  different  animals. 
Hm  Ucuu«  in  man  are  of  fusiform  eliape,  and  have  iin  average 
length  of  1.1800th  to  l.iHHlUtli  of  an  inch  iu  length,  and  thej  are 
funally  half  as  long  again  us  they  are  -KiAe.  The  variations, 
however,  tliat  may  exist  iu  their  size  and  forms,  as  well  aa  ill  the 
knagement  and  differences  in  the  canaliculi.  ore  shewn,  PI.  VI. 
Fig.  10,  a,  6,  c.  d,  t.  The  general  mode  of  the  communication 
belweuu  tlie  lacuuce  isaeen  in  Fig.  10,/. 

Hu  hardened  tiiisuu  lx:tircen  the  lacuuie  and  canaliculi,  ia 

■ngipoaed  by  Sbarjiey  to  be  composed  of  croseed  fine  i-eticular 

fibres,    whicji   is    probable,   though    difficult    to   deraouBtrate. 

Tames  thinks  it  is  nuule  up  of  very  fine  earthy  molecules  agglu- 

titiat«d  together.     Both  opiuioiw   may  be  coujoiued,  for  its  the 

mtcroeliular  suliatanee  of  cartilage  ia  the  baaia  of  bone,  and  this, 

M  •hewn  by  Leiily,  has  a  fibrous  Dtrtuigement,  the  fine  mineral 

moleculeH  of  phuHphate  of  lime  deposited  in  it  must  make  up 

Uw  allimate  nsReous  tissue.     Quekett   endeavoured  to  shew  a 

atiun  between  the  size  and  form  of  the  osseous  lacunie  and 

kt  oS  the  blood  corpuscles  tu  difiereut  auimalx,  an  idea  which, 

tlioagb  vurrect  in  some  reptiles,  fails  in  others  as  well  as  in  birds. 

~     ^  in  nourished  by  a  plasma  derived  from  the  plexus  of 

I.  IRmi^ing  on  the  lining  membrane  of  the  caucelli  and 

'mcanala  ThiBtiuitstum,  issuppliedbya:^)ecialarteiy. 

ui,  may  be  regarded  ns  mineral  substance  deposited 

n  the  meshes  of  vascular  cnpUlariea.     Tlie  canaliculi  and 

r  IsDinp',  by  preaeutiug  miiiule  tuliea  with  dLlatatiuns,  present  the 

t  posable  arrangement  for  the  distribution  of  a  uutritious 

il,  irtiicb,  from  the  aluwueM  of  its  movement,  will   readily 

I    pmnit  of  mineral  precipitntiou. 

Bone  khm  contains  nerves,  which  nccouuts  fur  the  juiin  onginiit- 
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ibg  in  them  in  cases  of  rheumatism,  tTphilia,  nyUacoeteon,  and 
(ither  (liaeasea. 

Chemical  Compoiition,  of  Bone, — Bone  consiata  of  an  organic    i 
tnibataDCi)   culled   bone   cartilage   or  oBsein,  iinpregDatcd  with 
earthy  m;itter  compOHeil  of  varioun  inorganic  salts,  the  chief  of 
wliich   is  tribnsic  calcium   phonphale,  calcium  carbi)uat«,  futd    | 
calcium  fluoride.    The  earthy  mntt«r  may  be  eepantted  from  i 
the  bone  cartilage  by  mnceratiDg  a  bone  for  several  days  i 
dilute  hjUrochloric  acid.     The  salts  are  gradually  dissolved  out,  I 
and  the  cartilage  is  left  as  a  soft  translucent  mass,  retaining  th»  1 
form  of  the   bone.     Another   mode  of   lumlysiiig   bone   i 
incinerate  it  till  it  becomes  white.    The  organic  matter  is  thoa 
burnt  off,  and  the  ash  may  then  be  analyseil.    The  compoaitioi 
of  bone  cartilage,  according  to  Von  Bibra*  and  Fr^y,t  is  ■ 
follows : — 


From  femur  of  ox 

From  calf   . 

From  rib  of  river  cnqi 

Cmrban. 

Hydrogen. 

Kltram. 

oxrpiD. 

5fi.l3 
4ft.9 
00.32 

7-07 
7.3 

7.22 

1«.45 
17.2 

18.42 

24.35 
25.6 

24.00 

The  following  table  shews  the  per  centogeof  inorganic  matter    ' 
iu  human  bones  of  various  AgfiK,  according  to  Vou  Bibra-J 
will  be  observed  that  the  proportion  of  inorganic  matter  in  bona  | 
is  generally  smaller  in  youth  than  in  age  : — 


NuMolBunt. 

FiifotnUcft 

Nuns  of  Dodo. 

ForMdUes 

OIA:lh. 

Jfoi,/«(t«,7mtha. 

TToman,  25  years 

Femur,  tibia 

59.1  to  69.8 

6a4toe8.8 

Bov^  9  months 

69.25 

50.43 

3faH,  30  years 

Humerus 

5a56 

Femur,     tibia 

68.0  to  69.4 

Bov,  5  years 

Man,  58  years 

67.a) 

68.53 

0^,  19  yeara 

TTonwn,  78  years 

Femur  . 

67.86 

66.81 

■.CkJmJe/^yf.  [S]iliiL 
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Aooording  to  Frcmy,  the  bones  of  all  the  mammalia  shew  the 
average  composition  as  those  of  man,  but  the  bones  of 
herbiTorous  animals  generally  contain  a  larger  proportion  of  lime 
salts  than  those  of  flesh-eaters.  The  following  table,  modified 
from  Fr^my  *  shews  the  comparative  analyses  of  bones  belonging 
to  different  orders  of  the  animal  kingdom  : — 


Woman,  22  years,  cranium 

Man,  40  years,  femur 

i^yptian  mummy,  femur 

Lioness,  femur 

Rabbit,  femur 

Elephant   . 

llorse,  femur 

Ox,  humerus 

Eagle 

Chicken 

Tortoise  (carapace) 

Carp 


^ 

«4 

Ash  per 
cent. 

Phosphate  o 
Calciimi. 

li 

64.1 

57.8 

1.7 

64.2 

56.9 

1.3 

65.0 

58.7 

1.7 

64.7 

60.0 

1.5 

66.3 

58.7 

1.1 

66.8 

62.2 

1.2 

70.4 

60.5 

1.7 

70.4 

61.4 

1.7 

70.5 

60.6 

1.7 

68.2 

64.4 

1.1 

64.0 

56.0 

1.2 

61.4 

58.1 

1.1 

10.9 
10.2 
5.9 
6.3 
6.3 
5.6 
7.9 
8.6 
8.4 
5.6 
10.7 
4.7 


Transformation  of  Cartilage  into  Bone,  —We  have  seen  that 
near  the  osseous  centre  the  cartilage  cells  are  arranged  in  long 
groups  or  rows.  This  is  especially  observable  in  foetal  bone.  (See 
Plate  VI.  figs.  11, 12, 13).  It  is  between  the  groups  of  cells  that 
we  can  see  the  mineral  molecules  of  phos]>hate  of  lime  deposited 
(Fig.  12,  by  13,  c).  These  at  length,  by  their  aggregation,  assume 
a  linear  arrangement,  and  form  ridges  of  calcareous  matter  that 
extend  between  and  surround  the  rows  of  cells,  which  now  become 
first  compressed  together  and  then  melt  into  one  another,  leaving 
open  spaces  (cancelli)  or  tubes  (Haversian  canals).  The  nuclei  of 
these  ceUs  become  embedded  in  the  advancing  ridges  of  bone, 
and  form  the  lacunse  (Plate  VI.  fig.  12,  c,  6).  Within  the  primary 
spaces  and  tubes  so  formed,  however,  the  broken  down  cell  walls 
form  a  secondary  or  hystolitic  mass  of  molecules,  from  which 
new  cells  are  formed  that  are  developed  into  fibres  and  blood- 


*  FrCtay,  Op.  Cit.    Trait6  de  chimie  par  Pelouze  et  Fr^my,  2nd  ed. 
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vessela  in  the  aume  numner  that  these  atructures  are  pro<lu(.<ed 
in  the  embryo.  These  nltimntely  eonatitute  the  living  vaseular 
membmne  of  the  RUn-elli  and  tubes.  Aa  anon  hs  a  circulation  of 
blood  is  eata^ilished  through  them,  nourishing  matter  is  given 
off  more  regularly  as  from  a  centre,  «id  thus  the  Havereian 
canaJa  become  aiirrounded  by  nucleated  cells  nrraiiged  in  concen- 
tric aeries.  Aa  theae  become  infiltrated  with  mineral  matter, 
the  nuclei  are  not  invaded,  but  remain  as  open  sjiacea  or  luouns, 
whilst  between  these  and  the  limita  of  the  cell  walls,  uinul« 
channels  are  left,  which  are  the  caualJuulL  In  the  kouc  manner, 
a  regular  depoaition  of  phosphate  of  lime  in  a  nucleated  teiluro 
may  produce  bone  in  fibrous  Ciasuea — not  cartilagiuoua — such  aa 
tendon,  periosteum,  the  arachnoid  membrane,  &c.,  which  Htruc- 
turea  it  ia  by  no  means  uncommon  to  find  converted  into  bone. 

Tlie  regeneration  of  bone  after  fracture  takes  place  in  the  con- J 
Bolidated  clot  or  exudation  which  collects  around  the  brokeBM 
extremities.  The  blood  corpuaclea  and  senini  are  first  al^'^ 
Borbed,  a  fibro-ceUular  Bubstance  ia  formed  resembling  Sbro 
cartilage,  the  cella  arrange  themselves  in  rows  from  the  nearest 
oaaifying  centre,  and  phosphate  of  lime  ia  precipitated  between 
them,  exactly  as  it  ia  in  fceUd  cartilage,  and  ao  bone  ia  produced. 
To  this  end  the  vascular  apparatus,  as  fumiahing  this  nutritive 
mutter,  miut  be  regarded  aa  all  inii>ortaut.  Every  tissue  in  the 
neighbourhood  capable  of  fumiahing  such  necessary  siibstauce, 
assiata  in  the  formation  of  new  bone,  and  not,  aa  was  fumierlj 
thought,  only  bone  or  only  {lerioatenm.  It  has  been  shewn  by 
Oilier  that  so  long  as  the  tissue  of  bone  retains  its  vilaJity,  it  may 
be  removed  from  one  animal  to  auotlier,  or  transplanted  ia 
various  parts  in  the  same  animal,  and  not  only  continue  to  live, 
ubulk- 


Thk  Nerve  Titbbs. — A  nerve  is  made  up  of  a  greater  or  less 
number  of  minute  tubes.  These  are  composed  externally  of  a 
delicate  membrane, calleil  the  neurifemmaof  thener\-etube(PLV. 
fig.  16,i).  Inside  this  iaa  transparent,  semi-solid,  and  peculiarly 
piflsticmaterial, called  the  tcAiJexufwraiKX'i/i^Muunn.  This,inita 
turn,  encloses  a  viscous  fluid.  On  mechanically  breaking  up  these 
tubes,  the  white  aubatauce  of  Schwann — which,in  the  fresh  struc- 
ture, is  characterised  opticsilly  by  two  distinct  lines,  with  a  clear 
central  streak  on  each  sideof  tfaetube — (Fig.  13,a)  has  the  property 
of  rolling  iteelf  iuto  globules  or  wirpunclcs  of  varying  size  and 
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e  (Fig.  17,  a).     Each  of  theae  is  charncteriaed  by  the  ciouble 

1  ext«numj',iinil  I  liavt;  frequently  produced,  them  by  Bquecziiig 

ts  whito  Bubatance  of  Schwana  out  of  the  investing  sheatb  or 

ileiDum,  luid  have  seen  tliein  uuder  the  microscope  rupidij 

nJte  at  their  two  extremities.     By  gently  preaaing  these  tubes 

,  when   eeparated   in   a   perfectly   fresh   nerve,   the   eemi- 

nid  contents  uiui  be  forced  out  of  their  eitremitiea,  and  ninde 

9  coagulate  on  the  gloss  slide,  outride  the  open  mouth  of  the 

tnb«  (Phkte  V.  lig.  10,  u).     In  the  perfectly  fresh  tube  I  have 

n  seeing  a.  central  iHLud  or  axis. 

Theae  lubes  vary  greatly  in  size,  being  largest  in  the  cerebro- 

(I  nerves,  generally  reaching  the  oue-thousandth  of  an  inch 

I  (Fig.  13) )  they  are  smaller  in  the  spinal  cord  {Fig. 

E|4},  «ud  smallest  in  the  wliite  substance  of  the  cerebral  hemi- 

a(Fig.  18).     lu  these  twulast8JtaiLtioDS,a]so,  they  present 

kriiHis  enlargement^  which  I  think  ore  also  )>ost.  mortem  pheuo- 

L,  the  ueurilemnm  being  of  exceeding  tenuity,  and  easily 

retcWd  by  the  pressure  of  the  covering  glass  when  demonstrated 

I  QiicroDcope  (Figs.  14,  17, 18).    As  they  approach  the 

fipbery  of  the  cerebrum  and  cerebellum,  they  berome  finer  and 

«r,  and  are  lost  among  the  molecular  grey  substance  iu  the 

I,  and  the  inUrual  graiiiUar  layer  in  the  otlier.    It  has 

1  by  several  Ueruiau  ftnntomists  that  these  nerve 

9  bouud  together  by  fibrous  tissue.  But  careful  exsmina- 

■  Htisfied  me  that  the  supposed  fibres  are  often  minute 

NOT  the  fibrillaled  substance  of  Schwann  (Pig.  15).      I  have 

I,  vhon  a  perfectly  transverse  section  of  the  B]iinal  cord  is 

K  ■XMuined,  in  thecaref  ully  prepared  specimens  of  Lock  luirt  Clarke, 

V-witli   Ross's  lenn  of  Ihe  one-twelfth  of  an  inch,  that  the  tubes 

^dimioiith  in  size  until  tbej  resemble  tlie  smallest  molecules ;  but 

!D  so  minute  as  the  sixteenth  thouBandtli  of  an  Inch  in  dia- 

er,  I  have  distinctly  seen  the  delicate  external  circle  and 

Knntral  solid  coagulated  coloured  rod  (lig.  21).      In   the  same 

I  'Buuntir,  theref'ire,  I  beheve.  as  histologists  have  hitherto  failed 

I  to  reodi  with  llieir  iustmmenis  the  ultimate  moie4.'ule  iu  nutritive 

«,  ur  tlte  ultimate  fibril  in  muscle,  so  they  have  not  yet  seen 

«  tube  in  nervous  matter. 

t*  ef  nufftnl*. — When  any  oiagulating  agent  is  added  to 

«  tubf—  even  water — iJie  fluid  contents  are  immediately 

]  (Figs.  Ill,  20,)  and.  if  long  steeped  in  chruniie  acid, 

IT  ill  llie  form  of  a  solid  rod,  wliicli  rous  down  the  centre  of 
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the  tube.  ThiH  is  the  band  of  Remak,  or  axit  cylinder  a/  PuTkinJt. 
It  haa,  like  Che  nucIeAT  eleuenU  of  the  t«xtuk«s,  peculiarly  the 
property  of  being  coloured  by  ajuraomacol  solutions  of  cannine, 
when  it  is  easily  shewn  to  be  continuouawitli  the  conteuUof  the 
nerve  cell,  and  i\a  cuurae  can  be  traced  with  great  exactitude 
(PL  III.  fig.l8,  d,e,b).  Coa£;ulatiiig  agents fjao cause  kiD^tudinal 
fibrillation  of  the  white  aubstotice  of  Schwiuin  round  the  axis 
(PiV.  fig.  15), formbg  concentric  circles  when  viewed  in  tnmveree 
section  (FigB.20, 6,21).  The  prepared  specimenH  of  Mr  Lockhart 
Clarke  have  never  been  aurpaflsed  in  beauty,  and  they  have  led,  in 
hia  hands,  to  most  important  liiscoveries.  At  the  same  time,  it  U 
my  belief,  from  prolonged  careful  investigation  into  the  structui*- 
of  the  nerve  tube,  that,  ae  uo  central  axis  can  be  demonstraled' 
in  the  perfectly  fresh  tissue,  its  existence  iB  altogether  a  post- 
mortem phenomenon. 

Chemical  campoiitioH  of  Nfrve. — This  department  of  jihjBiolo- 
gical  chemistry  is  still  in  obftcuritj.  The  reaction  of  living 
nerve  is  neutral,  but  after  strong  action,  according  to  Funke,  it 
becomes  acid.  White  nervous  matter,  which  ia  eompiwed  chiefly 
of  nen-e  tabes,  coutaina  less  water  than  the  grey  matter,  but 
it  contains  more  fat  The  semi-fluid  inibBtance,formiug  the  axis 
cylinder,  is  believed  to  beloug  to  the  same  series  of  chemicnl 
compounds  as  fibrin  and  synlonln,  and  is  probably  united  with 
oily  matter.  The  substance  constituting  the  medullary  subslanoe 
secmH  to  be  some  sort  of  soluble  albumin. 

Functiotu  of  the  Neme  Tidx.—'ihe  nerve  tulic  poeseases  the 
property  of  gtiueraling  and  condncting  an  influence  in  different 
directions  on  receiving  imprsMions  from  various  stimidi.  The 
imprefaaiona  may  result  from  the  contact  of  the  physical  agents 
producing  light,  sound,  touch,  sapid  bodies,  and  odours.  But 
there  are,  doubtlesa,  numerous  other  tubes  peculiarly  qualified 
to  receive  other  impressions  which  may  give  rise  tti  peculiar  sensa- 
tions, such,  for  example,  as  those  of  cold  or  warmth,  of  weight, 
of  hunger  and  thirat,  and  of  numerous  other  feelings,  which, 
although  not  yet  actually  discovered,  must  have  relation  to  the 
speciid  enduwmeutfi  of  these  tubes.  It  has  been  clearly  determined 
that  while  the  optic  and  auditorj-  nerve  tubes  liave  the  property 
of  conducting  the  influences  produced  by  special  impresMoni, 
they  liave  not  the  power  of  tranamitting  others.  In  the  same 
manner  witli  regard  to  the  directions  in  which  these  influeneaa 
travel,  a  particular  nerve  tube  would  appear  to  conduct  only  ~ 
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Mifl  directiou.  The  directiotuj  at  present  known  are,  1st,  from  the 
bTUD  to  the  volantaty  muscular  Bjatem  generally  ;  2d,  from  the 
enrface  and  the  OKt«nial  organs  of  sense  to  the  brain  ;  3(1,  from 
f  aide  of  the  body  tn  the  other  through  the  spinal  cord  ;  4, 
I  from  the  cerebro-spuml  ayBtem  through  ganglia  to  numerous 
I  glands,  uou -voluntary  muscles,  tbe  blood-reeaels,  and  the  tissuea 
T  generally.  There  mny  be  other  directiuus  through  which  nervous 
I  influence  tnTeU  by  spedul  uerve  tulwis,  but  auch  have  uot  yet 
1  disoovered.  In  the  meantime,  we  know  that  the  nerve 
I'  tubas  are  iiiit  only  idiu-motor  and  sensitive  (general  and  special), 
[  but  diastaltic,  secretory,  nutritive,  and  vaso-motor,  nud  that  a 
I  nerve  may  be  made  up  of  one  or  mure  of  these  different  kinds 
I  of  tubes,  and  thus  be  simple  or  complex  iu  its  action.  (See 
1  ivaefioa  at  iiniBrration.) 

I  of  ElKlriciti/  in  Kerea. — Du   BoiH-Beyraond  dis- 
covered that,  like  muscles,  nerves  poascas  an  electrical  cun-eut, 
I  Injt  much    weaker,  nuining  from  the  longitudinal  external 
[  aurfooe,  whicli  is  positive,  to  the  tnLDSvcrae  internal  one,  which 
I  BMgMtire.    (See  Animal  Electricity.) 

KgteU  </  ElKtndtg  on  Nernu. — Dn  Bois-Beymond  has  shewn 

[  that  when  a  portion  of  nerve  is  traversed  by  a   current  of 

•lectiieity,  it  is  thrown  into  a  peculiar  state,  called  an  dtetro- 

\   toaw*  ttiiU,   which  will   be  fully   ilescribed   when   treating   of 

Animal  Electricity.     It  has  also  been  shewn  that  the  further  a 

'   avAiar  nerve  is  irritated  from   the   muscle  the  greater  in  its 

[  vsdtttbility  and  its  influence  on  the  mnscle,  which  is  the  very 

I  (oDtRtry  of  what  was  furmerly  supposed  to  be  the  case.    Other 

mnukablebfts  as  to  the  excitability  of  nerves  when  stimulated 

by  eUctricity,  are  the  result  of  the  incessant  labours  of  the 

pment  Berlin  schoiil  of  physiology,  with  Du  Bois-Keymoud  at 

R  b««d.     They  are  largely  adding  to  our  knowledge  of  the 

(oncUuiis  of  tht^  nervous  syst«m.    As  to  the  theories  put  forth 

e  nature  of  nervous  CLction,  it  will  for  the  present 

I   lie  nlBdent  to  say,  that  they  consiat  in  attributing  the  changes 

^  wliicb  occar,  to  alterations  in  the  position  and  farces  of  the 

•  hioImuIm  of  the  nerves.     (See  Animal  Electricity), 

s  point  out  to  us  that  the  vital  properties  of 
Ht  of  other  tiBsu«s,  are  correlative,  nnd  that  excitability, 
Aility,  when  employed,  in  at  the  expense  of  electricity. 
B  the  vast  importance  of  temperature,  moisture,  the  elec- 
triotl  ouadition  of  the  attnosphere,  and  other  general  causes,  to 
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the  integrity  of  the  nervous  B_vstem.  The  influence  of  electrical 
currents  on  nerves,  also,  when  further  studied,  serves  to  explain 
I  facta  loDg  recogoiaed  during  etomiB,  such  as  the 
<B  of  cattle,  the  so-culled  Bportivenera  of  lish,  increased 
irritability  of  inaecta,  and  even  in  man  the  rheumatic,  neuralgic, 
cerebral,  nnd  other  phenomena  which  occasionally  then  appear 
in  nervous  individuals.  The  excited  or  depressed  condition  of 
gome  persons  in  good  or  bad  weather,  may  also  be  thus  e 
plained,  and  the  whole  inquiry  lead  to  more  exact  and  useful  9 
principles  in  the  application  of  electricity,  as  a  therapeutio'l 


If  now  we  take  a  general  view  of  tlie  structural  relational 
of  the  tissues,  we  observe  thnt  the  molecular,  cellular,  flbron^  J 
and   tubular  elements,  are   more  or  less  mingled    together,  i 
but  that  some  ti^nnes  abound  in  one,  and  others  in  another,  f 
Thus  the  molecuLir  element  abounds  in  the  nutritive  fluids,  ,1 
in  voluntary  muacle,  and  in  the  grey  substance  of  the  cerebral 
convolutions ;  the   cellular  element  alioiitids  in    adipose, 
glandular,  and   in   epithelial   tissues  ;   the  fibrous   element  in 
areolar  texture,  ligament,  tendon,  and  muscular  tissues  ;  and  the 
tubular  element  in  brain,  spinal  cord,  bone,  tooth,  and  through- 
out the  body  in  the  form  of  minute  ducta,  nerves,  and  blo«d- 
reescls.    They  ail,  as  we  have  seen,  serve  general  purposes  in  d 
the  economy.    The  molecular  may  be  regarded  as  nutritive,  or,! 
as  Dr  Beale  has  called  it,  germiual  matter.     The  cells  serve  tO   \ 
elaborate  this  matter  tor  secretion,  excretion,  and  certjun  kinds   I 
of  growth.     The  fibres  connect  parts  together,  and  in  the  mole-    \ 
cular  form  of  muscular  fibre,  present  the  highest  degree  of  c 
traetility.    The  tubes  conduct  nutritive  fluids,  and  the  nei-vn   | 
tubes  that  influence  whieh  ia  capable  of  exciting  action  in  brain,   . 
voluntary  muscle,  glands,  and  vessels,  by  bringing  each  in  c 
nection  with  one  another,  or  under  the  control  of  mind. 

We  perceive  further,  that  those  actions  which  are  peculiarly  I 
vital,  such  as  growth  in  cerlAin  directions,  the  power  of  contrac-  I 
tility,  and  the  existence  of  sensibility,  are  not,  as  some  have  | 
supposed,  the  peculiar  attribute  ol  any  one  peculiar  element  of  j 
the  textures,  such  as  of  cells  or  nuclei     I  regard  one  tuid  all  ■ 
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powers  which  are  necessary  for  the  weltbeing  of  the 
lad  each  aa  ruoctiug  for  the  eommon  welfare  on  one 
Tints,  growth  nuiy  lie  molecular,  cellular,  fibrous,  ox 
Contractility  and  spontaneous  movements  may  he 
^^  prceent  id  each  of  these  elemenla  ;  and  sensihility  unquestion- 
ably ta  shared  by  nervous  matter,  at  least  in  its  molecular,  cell. 
and  tul>ular  formx. 

Aa  to  development,  the  molecular  ia  the  baxis  of  all  the  liBSuen. 
The  fir«t  step  in  the  process  of  organic  formation  is  the  produc- 
organic  6«id  ;  the  second,  the  precipitation  in  it  of 
orgtuiic  molecules,  from  which,  according  to  the  molecular  law 
er[  growth,  »ll  other  tvitnres  are  derived,  either  directly  or  in- 
directly.     (See  p.  46.) 

When  we  investigate  the  functions  of  plants  and  animnls — for 
example,  geueration,  nutrition,  secretion,  motion,  nod  aensatioii, 
»•  find  Ihem  all  neceaaarily  dependent  on  the  permanent  ex- 
irtrow  and  constant  formation  of  moleculea  Thus  generation, 
both  in  planta  ftnd  nnunols,  is  accomplished  by  the  union  of 
oertain  moleoular  particles  called  the  male  and  feniale  elements 
of  Rproductiou.  Among  the  Proloplti/ta,  the  conjugation  of 
two  uUj  enabled  their  coutents,  or  the  eadochromt,  to  mix 
together.  This  eudocbrome  in  a  most*  of  coloured  molecules,  and 
the  union  of  two  such  mnaaes  conatitutes  the  eteeutial  part  of 
the  guMTKtive  act.  In  the  Cryplogamia,  a  vibtatile  nntheroid 
pttrtide,  eaters  a  germ  cell,  and  finds  this  last  filled  with  a  maes 
of  molecmlee  which,  on  receiving  the  atimulua  it  im|inrt9,  aflsiimefi 
the  power  of  growth.  It  is  the  same  among  the  P/iuneroijaiiiUi, 
when  the  germ  cell  is  impregnated  by  the  pollen  tube.  In  all 
these  CMtwit  ia  necessary  to  remember  that  the  protopbuun  ia  u 
BUI  of  molecules ;  that  a  spore  ia  another  mass  of  molecules  ; 
lliat  aponileB  are  molecules  ;  that  antherozoiite  arc  only  mole- 
cules wHh  vibnitile  appendages;  and  that  the  so-called  germinal 
matter  of  the  ovule  Is  also  nothing  but  a  mass  of  molecules. 
Cell  (bnns  are  subsequent  proceseea,  and  once  produced  may 
multiply  endogenonsly,  by  gemmation,  or  cleavage.  All  that  is 
hetv  oontended  for  is,  that  the  primary  form  is  moiteular,  and 
that  the  foKe-[)rodudug  action  iu  it  ia  a  moUcidar  force. 

lu  animalu,  as  in  vegetables,  every  primary  act  of  generation 
isbmight  About  by  the  agency  of  molecules.  The  Protoson 
■Dtirriy  cnuiHt  of  msre  molecular  gehitiniform  maases,  in  which 
119  cell  wxU  or  central  cell  exists.     And  yet  such  masses  have 
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the  power  of  independent  motion,  and  of  miiltipljdng  b;  gem- 
itiatioD.  Coogideroble  diacuaaion  haa  occurred  ns  to  whether, 
Rinoug  Jnfiuoria,  there  is  a  union  of  Beies  or  a  conjugation 
aimilar  to  whiit  occnrs  among  the  Prolophyla ;  hut  in  either  caae 
it  is  by  molecular  fusion  that  the  end  in  accomplished.  In  tlie 
higher  ulusses  of  aniimilH,  there  ore  m&le  elements,  conHiHting  of 
molecules,  generally  with,  but  sumetimei  deatitute  of,  vibratile 
filaineiita  ;  and  femule  elemeutB,  composed  of  the  yelk  within  the 
oTum,  containing  a  germinal  vesicle  or  included  cell.  Both 
Bpennatozotd  and  germinal  resicle,  are  diaaolved  in  tlie  moleculea 
of  the  yelk,  which  then,  either  wholly  or  in  part,  by  auccesgive 
dlTiaions  and  transformations,  constitute  a  germinal  mass  out  of 
which  the  embryo  is  formed.  Here,  aa  in  plants,  it  ia  ncoeasary 
to  remember  that  the  aiiermatozoids,  die  y«lk,  and  the  germinal 
muss,  are  all  composed  of  molecules,  and  that  these,  combining 
together,  form  the  nuclei,  cells,  fibres,  and  membranes,  which 
baild  up  the  tisanes  and  organu  of  the  organism.  It  is  not  from 
either  the  male  or  the  female  element,  that  the  embryo  ia 
formed.  The  supporters  of  an  exduaive  cell  doctrine  have 
endeavoured  to  shew  that  there  is  always  a  direct  descent,  either 
from  the  wall  of  the  ovum,  or  from  the  germinal  vesicle  as  its 
nucleus.  Tliussome  consider  that  the  vitelline  membrane  sends 
in  piirtitiona  to  divide  the  yelk  niecliaaically.  Others  have 
formed  the  idea  that  the  germinal  vesicle  bursta.  and  that  its 
iucliided  granules  cDnstitute  the  germs  of  those  cells  which  sub- 
sequently foi-m  in  the  germirud  mosa.  Others,  again,  auppoae 
that  ou  impregnation,  the  germinal  vemcle  divides  iiret,  and  that 
the  molecules  of  the  yelk  are  attracted  mimd  the  two  centres  ao 
formed.  But  numeroua  obaervationa  have  satisfied  me  that 
both  spermatozoid  and  germinal  vesicles,  are  simply  dissolved 
among  the  molecules  of  the  yelk,  from  the  anbetance  of  which, 
stimulated  and  modified  by  the  mixture  so  occasioned,  ih» 
embryo  is  formed — a  view  which  has  further  the  merit  of  ex- 
plaining what  ia  known  of  the  qualities  of  both  parents  obser- 
vable in  tlie  offspring.  The  truth  appears  to  be,  that  in  nn 
analogous  manner  to  that  in  wliich  the  pigment  molecules  of  the 
skin  are  stimulated  by  the  ai<t.'ess  of  light  to  eater  into  certain 
vital  combinations  with  one  another,  so  the  molecules  of  the  yelk 
are  stimulated  by  the  access  of  the  spermatozoid,  to  jirodnce 
those  other  vital  combinations  that  result  in  a  new  lieing.  The 
on  is  not  BO  much  oonuected,  as  haa  hitherto  Iwen 
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BOpposcd,  with  the  cell  wall  or  nuclens,  as  with  the  molecular 
elemenl  of  tlie  ovum. 

With  regard  to  nutrition,  food  and  all  nsaiinilable  material 
tunat  be  reduceil,  iu  the  tirat  instance,  to  the  molecular  form  j 
whil^  the  fluid  from  which  the  blooil  is  prepared — muuely, 
djj'le— ia  essentially  molecular.  Most  of  tlie  aecretions  origi- 
nate in  the  effusion  of  a  fluid  iuto  the  gland  follicle,  which 
Iwconiea  molecular,  and  gives  rise  to  ceU  formatiou.  In  muscle, 
(he  power  of  coutractility  ia  iiiLerently  Asaodat«d  with  the 
ultimate  raoleculce  nf  which  the  Eaacicnlna  ia  composed.  And 
laetly,  the  grey  matter  of  the  neneory  ganglia  and  of  the  brain, 
which  furnish  the  couditiona  necessaty  for  the  exercise  of 
wnattioD,  and  of  evon  intellect  iteelf,  is  associated  with  layers 
of  molucules  which  are  nnqnestionably  active  in  produciag  the 
various  modifications  of  nervous  force.  These  molecules  are 
consLuit  and  permanent  as  an  integral  jnrt  of  these  tisanes,  as 
much  as  w-IIb  or  flbrca  are  esBentml  parts  of  others  ;  aad  their 
preaencti  is  not  tnmsitory,  but  essential  to  the  fnnctions  of  the 
"Tgaiu  to  wliicli  they  belo;ig. 

All  morbid  growths  may  easily  be  shewn  to  originate  some- 
timen  in  a  ntolecular  Uast^ma,  at  others  in  pre-existing  cetla. 
Tbi^  coAgulitted  exudation  infiltrated  into  the  lung,  or  on  serous 
ntODbnuiM,  and  from  which  pus  and  fibre  cells  originate,  are 
esoelleut  examples  of  the  former,  while  the  hypertrqihy  of 
glands  and  formation  of  certain  cancerous  and  cancroid  growths 
■n  good  illuHtratiouB  of  the  latter.  In  morbid  alterations  of 
inturc,  olao,  we  shall  have  abundant  opportunities  of  pointing 
mt  that  the  molecular  Uw  of  development  prevails,  and  that 
biatogeuetiu  aud  histolytic  processes  constitute  the  numerous 
AttvntlJons  of  bexturo  constantly  brought  under  the  ubaervation 
uf  the  pathologist 

Ail  these  fat-ts  point  to  the  conclusion  that  vital  action,  so  far 
from  being  exclusively  seated  in  the  celln,  is  also  intimately 
MBndaled  with  the  elementary  molecules  of  the  organism. 

Thin  molecular  ttieory  of  organisation  ia  opposed  to  the  views 
of  thaw  who  support  ikU  exclusive  origin  for  the  tissues  in  cells 
aJoDci.  Tlie  fallacy  of  such  a  cell  theory  will,  however,  be 
DUnifMt  by  considering  for  a  moment  what  it  imposes  upon  ns. 
NM  tbe  fact,  which  has  been  long  i-ecoguised.  that  cell  may  be 
within  wll,  or  tliat  proliferation  of  cells  constitutes  nn 
t  mid  ft  cummnn  method  of  cell  multiplication  ;  but 
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thai  in  no  other  pm»il>U  vtay  can  a  cell  or  a  living  pnrticle  be 
produced.  It  asserts  that  all  embryonic  textures  in 
all  adult  tiaauea  during  life,  and  every  kind  of  morbid  forma- 
tion, are  to  be  traced  to  the  ceU,  and  can  originate  in  it  (Uona. 
In  sliort,  parodying  tbe  celebrated  saying  of  Harvey, 
animal  ex  ovo"  it  baa  been  attempted  by  Vircbow  to  establidi 
the  law  of  "  omnU  celltUa  e  eeUuid,"  and  to  maintain  that  "the 
cell  ia  rciUly  the  ultimate  morpbological  element  in  which  there 
is  any  manifestation  of  life,  and  that  we  must  not  transfer 
the  sent  of  any  real  action  to  any  point  beyond  the  celL"* 
Now,  such  a  doctrine  is  iuuousislent  with  numerous  facts, 
and  we  shall  see  that  hiatologiate  (iucludtnj;  Vircbow  him- 
self) have  been  so  uusucceasfiil  in  tracing  all  tisanes  back 
to  cells,  that  tUey  have  univeranlly  recognised  that  cells  must 
originuto,  iu  the  first  iuatance,  from  a  formless  or  molecular 
duid  or  material,  called  by  Schwium  n  Uaitaaa.  Besides, 
no  attempt  baa  been  made  (even  by  Vircbow)  to  shew  that 
muscle,  nervous  matter,  the  vascular  system,  and  the  blood 
only  originate  in  c^lls.  He  himself  admitst  that  this  cannot  ba 
established,  and  describes  whil«  or  areolar  fibrous  tissue  aa 
originating  in  intercellular  substance,  without  the  agency  irf 
cells  at  aILt  Several  tissues  are  absolutely  structureless,  such  U 
tbe  sarcolemma,  the  neurilemma  of  the  nerve  tube,  tiie  vitellina 
membrane,  the  anterior  and  posterior  layers  of  the  cornea,  aikl 
the  capsiUe  of  the  crystalline  lens.  They  are  ap]>arently  the 
result  of  simple  coagulation  and  the  subsequent  union  of  minute 
moleculessuch  as  occurs  in  the  haptogen  membrane.  The  blood 
of  mammals  is,  for  the  most  part,  not  cellular  but  nuclear,  anil 
we  shall  subsequently  see  that  the  nuclei  in  the  adult  ore  more 
probably  the  result  of  molecular  than  of  cell  formation.  Tlia 
development  of  bone,  and  the  various  forms  mineral  matter 
aasumas  in  the  integumentary  skeletons  of  many  animals,  each 
as  the  Holotharia,  Sinaptm,  &.e.,  are  wholly  opposed  to  tliis  cell 
theory,  the  mineral  matter  l>eing  deposited  outside  the  cells, 
and  often  assuming  the  form  of  spicules,  hooks,  anchors,  &c., 
which  can  have  no  possible  refei-ence  to  cell  growth.  Then,  so 
for  from  it  being  correct,  "  that  we  must  not  transfer  the  sett 
of  real  action  to  any  point  beyond  the  cell,"  which  is  auotlier 
fundamental  part  of  this  cell   theory.  Vircbow   admit«$   that 
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the  contractile  sctioQ  of  a,  muacle  is  Be&t«il  in  iU  vLtimatt 
grctnvla ;  and  he  adopts*  Du  Bois- Redmond's  theory  of  elec- 
trical ActioD  in  nerve  aa  being  dependent  on  "  a  change  in  the 
position  which  the  ituiividwii  moltcida  atsumt  to  oni  another." 
If  therefore,  it  cannot  be  shewn  by  the  ctiief  supporter  of  this 
Uieury,  that  many  importaot  tiBsuefl  ore  formed  directly  from 
ddla.  Mad  if  it  be  admitted  that  the  vital  actions  of  these  same 
(taOM  are  inherent  in  their  ultinuite  molecules — elements  in  no 
waj  oonuected  with,  and  quite  distinct  from  cells,— what  be- 
cemea  of  the  formula,  "  omiiu  cdlala  e  ctlluid,"  and  of  tiie  doc- 
UUM  that  "  we  must  not  transfer  the  seat  of  real  action  to  any 
point  beyond  the  cell  V 

On  the  other  hand,  the  molecular  theory  of  orgauieation  does 
not  appear  t^  me  chargeable  with  any  such  defects.  It  is  con- 
*iai«Dt  as  a  whole,  and  embraces  iill  known  facts.  Ab  investi- 
gUious  are  multiplied,  the  more  it  becomes  evident  that  the 
ultimate  vital  elementii  of  the  tisaues  are  their  molecular,  and  not 
their  cell,  ccnirtitueuts.  Indeed,  it  is  now  agreed  by  many  up- 
huUlDrs  of  a  coll  theory,  that  the  potential  part  of  the  cell  is 
not  the  wall  uor  the  nucleus,  but  the  contents.  Now  these 
conteata  are  for  the  most  part  molecular  ;  and  if  we  must  have 
a  doctrine  of  unities,  it  is  evidently  more  reasonable  to  adopt  a 
visw  of  simple  unities  like  molecules,  than  of  composite  ad- 
furtnatioos  like  uella.  As  a  whole,  the  molecular  theory 
ae  to  possess  all  the  attnbutea  of  a  true  theoiy, 
it  constitutes  not  only  a  basis  on  which  the  formn- 
lieAlthy  etructurei  may  be  explained,  but  is  one  eminently 
when  applied  to  morbid  formations,  and.  above  all,  in 
us  to  reath  correct  modes  of  treating  disease  and  a 
tnw  tllerapeuticB. 

From  what  has  been  said,  it  will  be  apparent  that  it  has  not 
hem  my  object,  in  directing  attention  to  a  molecular  theory  of 
nrguiiaation,  to  interfere  in  any  way  with  the  well-oliserved 
fiwta  an  which  physiologists  have  based  what  huA  been  called 
tka  c«U  llieory  of  growth.  True,  this  last  will  require  modifica- 
tion in  ei]  far  as  unknown  processes  of  growth  have  been  hypo- 
tlutieally  ascribed  to  the  direct  metamorphosis  of  cell  elements. 
But  a  cell,  once  formed,  may  produce  other  cells  by  buds,  by 
■tiriaiou,  or  by  proliferation,  without  a  new  act  of  generutlOQ, 
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iu  the  aatne  manner  as  manir  plants  and  animals  do,  and  thia 
fact  comprehends  most  of  the  admitted  oLservatioua,  having 
reference  to  the  cell  doctrine.  Tlie  molecular,  therefore,  ia  ; 
way  opposed  to  a,  true  cell  theory  of  growth,  but  constitutes  a 
wider  generaliaation,  and  a  broader  baaia  for  its  operations, 
in  not  a  fortuitous  coucourae  of  molecules  that  csji  give  ri£ 
a  plant  or  animal,  but  only  such  a  molecular  mass  as  is  formed 
from  organic  matter  and  receives  appropriate  stimuli,  to  act  ia 
certain  directions. 

These  viewa,  originally  put  forth  by  the  author  in  1855,  are 
supported  by  a.  multitude  of  facts  and  observations  acci 
lated  by  histologiata  in  past  aud  present  times.  Many  of  them, 
it  is  true,  employ  different  expressions  in  referring  to  the 
primitive  molecular  material  from  which  organisation  proceeds: 
thus,  it  is  the  "  oiyaniied  concrete  "  of  Haller ;  the  "  atilidetciMt 
nutritive  ftuid"  of  Wolf;  the  "  prinutnUal  mvcmu  tayer"  at 
Bnrdach  ;  the  "  tareode  i^  I>v.jaT<i%H  ;  the  Uattana  "  of  Schleiden 
and  Schwann  ;  the  "  proligero-ua  peltide  "  of  Pouchet ;  the  "  grr- 
minal  taatter"  of  Beale  ;  the  " j/rotoplatm"  of  Qemiik,  Von 
Mohl,  and  Kiihne  ;  the  "  embryo-pfaitte  matter  "  of  Bobin  ;  the 
" primordial protogeaa"  of  Haeckel,  4c.,  &c.,  all  of  which  terms 
express  essentially  the  same  thing.  The  researches  of  Bobin, 
Ouinius,  and  others  in  Trance,  and  the  recent  investigations  of 
Chauveau*and  Burdou  Sanderson,t  which  prove  that  the  active 
powers  of  contngia  are  seated  iu  the  molecules  (called  Jfifmrymet 
by  Bt'champ),  and  nut  iu  the  cells  nor  fluids  of  infecting  maltera, 
may  also  be  referred  to  as  giving  this  doctrine  uuequivoca] 
support. 

The  molecular  theory  of  organisation  must  ultimately  consti- 
tute the  liasia  for  the  arts  of  horticulture,  agriculture,  and 
medicine.  Thus  vegetables  and  animals  grow  by  the  juxta- 
poeition  of  molecules,  which  are  introduced  into  the  economy 
in  a  fluid  holding  in  solution  the  particles  of  which  the 
different  teitures  consist  These  are  deposited,  and  so  increoae 
of  bulk  takes  place.  Any  interruption  to  tliis  process,  or  any 
violent  disturbance  in  their  statical,  chemical,  or  dyuamical 
arrangements  when  formed,  is  the  fruilful  cause  of  disease.  If 
this  occurs  iu  nervous  matter,  it  causes  mental  aberration  or 
pain  ;  if  in  muscle,  spasm  or  paralysis  ;  if  iu  the  blood,  altera- 
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tiona  in  growth,  secretion,  excretion,  &&  la  cufiee  of  faulty 
nutrition,  it  is  reasonable  to  conclude,  that  if  we  could  add  to, 
or  subtract  from,  tbe  particular  molecular  elemeulji  which  are 
easential  to  that  process,  we  could  accelerate  or  retard  it :  and 
thu  is  within  the  re&ch  of  the  medical  practitioner.  For  ex- 
.  ample,  vodliver  oil  in  scrofulous  and  phthisical  cases  operates, 
e  of  any  vague  specific  virtue  it  ha«  been  supposed  to 
1^  but  on  account  of  its  power  of  adding  to  the  molecular 
1  of  the  chyle,  and  thus  favouring  the  building-up 
n  of  tlic  blood  and  tissues.  There  can  be  no  doubt  that 
urn,  strychnine,  aud  other  of  our  remedial  agents, 
t  operate  i>n  this  or  that  tissue  in  virtue  of  the  affinities 
b«[tt«en  tlieni  aud  tlie  ultimate  molecules  of  such  textures. 
1,  tbe  law  of  successive  molecular  evolutions  and  difUnt«- 
gntiiHis,  to  which  I  have  directed  attention,  points  out  that  id 
th«  dhatu  of  processes,  each  step  in  dependent  on  the  one  that 
pncedes  it  ;  and  that  inasmuch  as  regards  form  we  cannot  go 
farther  back  than  the  molecular  farm,  so  u  knowledge  of  it  and 
tbe  nuumer  in  wliich  it  is  produced  from  fluids  holding  proii- 
Bi*t«  principles  in  soliitino,  ig  not  onl;  the  tirst  step  to  an 
jwqnaintanee  with  organisation,  but  is  the  one  which  should  best 
infmin  as  how  to  repair  that  organisation,  when  so  altered  as  tn 
anwtltute  disease. 


THE  PHYSICAL  AND  VITAL  PROPERTIES  OF 
THE  TISSUES. 

The  living  Wly  possesses  certain  properties  which  are  either 
pKftieal  or  vita}..  By  the  term  property  is  understood  the  mode 
in  which  any  body  manifests  itself  to  our  senses.  Physical  pro- 
perties are  those  which  the  body  possesses  in  common  witli 
f  mutter.  Vital  properties,  on  the  other  hand, 
I  AM  peouliar  to  li\-iDg  lieings.  They  ore  called  vt/'tf  because  they 
t  be  acconnted  for  or  explained  by  any  known  phyaiwil 
1  are  believed  lo  obey  ouly  such  as  operate  in  living 
a  our  aciiuaintance  with  the  phenomena  mani- 
|EiB  liring  beings  has  advanced,  mauy  of  them,  which 
trnrn  at  ana  time  supiKised  to  be  vital,  have  been  brought 
Into  tbs  domain  of  phyxics;  ami  it  is  highly  probable  that 
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some  of  those  phenomeua  vhick  are  at  present  denominated  1 
vitttf,  because  we  cannot  offer  any  eiplanation  of  them,  nmy  I 
ultimately  be  found  also  to  obey  physical  laws.     For  this  reason, 
it  is  DOW  admitted  that  a  knowledge  of  physics,  as  applied  to 
physiology,  is  of  the  highest  itnportnnce  ;  and  it  is,  therefore, 
oar  fdm,  in  what  follows,  to  place  before  the  student  a  coudenaed 
Htatemeutof  those  facts  in  physics  which  are  illustrated  by,  and    > 
throv  light  upon,  many  physiological  plien 
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These  may  be  described  under  thefollowing  heads :  Ist,  General  1 
properties,  such  as  gravity,  divisibility,  porosity,  compreaaibility,  i 
and  elasticity ;  2d,  Molecular  properties,  including  colieoion,  od-  I 
liesiou,  and  affinity  ;  3d,  Mechanical  properties,  such  as  density,.  J 
weight,  the  properties  of  the  lever,  and  the  properties  of  tbs  | 
pulley  ;  4tb,  Hydrostatic  and  hydrodynomio  properties,  o 
physical  properties  of  the  animal  fluids  ;  5th,  Ihieumatic  pro- 
perties, or  the  physical  propeiiies  of  the  gases  of  the  body,  in 
eluding  a  consideration  of  atmospheric  phenomena  in  relation  t* 
physiological  action;  6th,  Properties  relating  to  heat  ;  7th,  Pro- 
perties relating  to  acuustim  ;  8th,  Properties  relating  to  optics ; 
9th,  Properties  relating  to  magnetism  ;  and  10th,  Fropertiet 
lating  to  electricity,  or  tmimal  tslectricity. 

1,  OenbbalPhopertieb.— Thegeneral  properties  of  tlie  body  i 
are  those  which  it  po^BeBsea  in  common  with  all  other  bodies ;    | 
and  they  include  gravity,  divisibility,  porosity,  compressibility, 
and  elasticity. 

a.  Oram'ty. — According  to  the  law  of  gravity,  every  body  is    ' 
attracted  towards  the  centre  of  the  earth  with  a  certain  deter- 
minate force.    This  force  is  the  resultant  of  a  number  of  parallel  J 
attracting  forces,  and  ia  e<iun]  to,  or  represents,  the  weight  ol  '| 
the  whulu  body.    In  whatever  position  tlie  body  may  be  placed,  M 
the  remdtout  always  poaiies  through  a  particular  point  tn  it,'^ 
termed  the  eeaire  of  grai'itg.     When  one  point  of  a  body  is  fixed,    ' 
it  is  said  to  be  I'l  equUihrivm,  if  a  vertical  line  drawn  from  its 
centre  of  gravity  paraes  through  tliat  fixed  point,  and  if  the 
body  is  supported  at  different  potuta,  it  ia  in  equilibrium  when 
a  vertical  line  drawn  through  its  centre  of  gravity  jiaases  within  J 
the  geometricai  figure  formed  by  joining  the  lines  of  supjiort.  1 
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In  proportion  to  the  smalluess  of  tke  area  of  the  supporting  bn^e, 
is  the  difficult;  iu  maintajniiig  equilibrinm,  am]  thus  it  is  more 
difficult  to  atoDd  upon  one  leg  thou  upou  two.  The  gymnast,  hj 
moving  his  botlj'  from  side  to  aide,  luid  skilfully  usiug  his  balance- 
{M>le,  maiDt^as  his  equilibrium  upon  tile  tight-rope,  by  carefully 
keeping  tbo  centre  of  gravity  of  his  body  vertically  over  tlie  uurrow 
aimofthempe.  TliefauinanboilyiSiUpoii tbewhole,ByTumetTioal, 
and  il  it  were  perfectly  bo,  the  centre  of  gravity  would  be  in  the 
mediuni  line  ;  but  the  presence  of  B-Bymmetrical  organs,  such  as 
tbe  liver,  spleen ,  and  pancreas  renders  the  two  halves  of  the  body 
slightly  unequal.  When  a  healthy  adult  is  lying  in  tho  horizontal 
position,  the  centre  of  gravity  will  be  found  in  a  plane  tr&us- 
verwly  cut  through  the  last  lumbajr  vertebra.  In  the  new-born 
inbnt,  it  is  somewhat  higher.  Bu  t  if  a  man  stands  erect,  a  line 
|aa.)ifig  thiuugh  the  centre  of  gravity  of  his  body  will  puss 
thniugli  the  area  included  between  the  solea  of  the  feet,  as  iu 
Plate  rX  fig.  2,  where  G  is  the  centra  of  gravity,  and  O,  (Jl  the 
line  of  giBvity.  If  he  has  a  burden  on  Ilia  back,  Plate  IX.  fig. 
2,  lliis  burden,  having  the  line  of  gravity  S,  Si,  the  line  of 
gt»vity  common  to  both  will  be  g^  yl,  pasaing  behind  his  feet, 
And  the  man  wUI  be  in  danger  of  falling  backwania  To  avoid 
thia,  be  bends  forwards,  as  in  Plate  IX.  fig.  1,  and  thus  brings 
tlie  ooounonccutreuf  gravity,  ^,,71,  farther  forwards,  and  within 
tke  area  of  the  soles  of  the  feet  In  tke  same  manner,  women  ad- 
VBnoed  in  pregnancy  bend  btu^kwarda  because  the  abdomen  con- 
bUna  the  enlArged  uterun  enclosing  the  feetua  and  the  membrauea 
af  tJu)  ovum,  forming  iu  all  u  weight  of  about  1 1  lbs.  The  same 
Isws  explain  the  reason  why  a  man  st<iopB  forward  white  he  as- 
oemlsahilUand  extends  the  trunk  ftud  bends  backwards  white  he 
dasoenda  Again,  we  observe  the  influence  of  gravity  iu  the 
•eddaubd  engorgement  of  the  blood  in  the  veins  of  the  inferior 
eitranitiee ;  iu  the  diaap|>earaoce  of  this  engorgement  on 
placing  the  limb  in  an  elevated  fiosition  ;  in  the  redness  and 
btt^jatoeDxe  o!  the  face  when  the  head  is  kept  lower  than  the 
trouk  ;  in  the  tumefaction  which  ocuurs  in  the  liack  or  sides  iu 
nam  of  aacit«s  from  dtcvbita*  ;  iu  the  tiyncope  which  occui's  in 
>  fesble  person  on  sitting  or  standing  up,  and  which  is  remuved 
bj  K  hurixoniAl  position,  &c 
&  IHeuUnlity. — By  divisibility  is  meant  that  property  of 
by  virtue  of  which  it  may  be  divided  into  uumerous  dis- 
tinct putK     Every    drop    of   human   blood    contains    many 
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thousandaof  blood  coqiuaclea,eacli  about  the  1.3(100thof  aninch 
in  diuneter.  Many  of  the  Bacteria,  oliserved  on  the  ncurn  which 
fomiB,  after  aotue  hours,  ou  an  infusion  of  hay  and  stniw,  are 
obIj  about  1.150,000th  of  an  Inch  in  diameter  (dee  p.  46).  The 
1.100th  of  a  grain  of  utrychniit,  wiU  kill  an  adiilt  rabbit ;  and  as 
this  ia  diffused  through  the  blood,  it  is  almost  impossible  to 
conceive  the  minuteneao  of  the  particles  into  wliich  it  iBdivided, 
One  drop  of  vaccine  virus,  diffused  in  an  ounce  of  powdered 
sugar,  has  conununicated  cow-poi  to  an  individual,  from  the 
smallest  particle  of  the  poirder  coming  in  contact  with  the 
blood.  It  is  highly  probable,  however,  from  recent  investiga- 
tions and  caloilationa  by  Professor  Sir  Willi.im  Tliomson,*  that 
there  is  a  limit  to  the  divisibility  of  matter,  when  we  reach 
ultimate  iudiviMble  particles,  termed  atoms. 

e.  Porotity. — The  molecules  of  matter  are  not  in  actual  con- 
tact Spaces,  or  interstices,  exist  between  them,  termed  fioret. 
In  1061,  the  Florentine  academicians  proved  the  esiatence  of 
pores,  even  in  so  dense  a  body  as  gold  ;  and  at  the  building  of 
the  Britannia  bridge,  it  was  also  found  that  the  water  used  in 
the  powerful  hydraulic  preseee  employed  to  raise  the  tube,  was 
freely  forced  through  tie  pores  of  the  thick  iron  cylinders  <£ 
the  press.  These  pores  are  of  two  kinds,  phyrtcal  and  lentUiU. 
Physical  pores  are  very  minute,  sensible  pores  are  usually  ap- 
parent, either  to  the  naked  eye  or  to  the  microscope.  All 
organic  bodies  are  porous,  aud  the  pores  may  be  occupied  by 
fluids  or  gases.  Dry  hairs,  when  moistened,  increase  in  diamet«r, 
and  diminish  in  length,  in  consequence  of  the  passage  of  fluids 
into  the  pores. 

d.  CompraribiUly, — This  is  the  property  in  virtue  of  whicll 
the  volume  of  a  body  is  diminished  by  pre^nre,  inasmuch  aa 
its  constituent  molecules  are  brought  closer  together.  Gases  an 
more  compressible  than  ftuide,  fluids  than  solids,  and  by  regu- 
lating the  amount  of  the  preaa\ire,  matter  may  exist  in  either  of 
these  tliree  physical  conditions.  The  various  tissues  are  all 
more  or  leas  compressible.  A  man  is  shorter  at  niglit  than  he 
was  in  the  morning,  or  after  a  long  joorney  on  foot,  from  th» 
weight  of  the  head  and  trunk,  compressing  the  intervertebral 
cartilages. 

e.  Elatticitg. — Elasticity  is  the  proj^erty  by  means  of  which  a 
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body  resHtnee  its  origiiuil  form,  when  the  externa]  force  which 
«lt«re4  that  funn  ceaaes  to  act.  A  boll  of  ivory,  a  steel  spring, 
>  cuoutchoue  bag,  and  a  piece  of  arteiy,  are  all  higlily  elostiu 
bodJM.  All  liquids  and  gases  are  perfecU.v  elastic,  but  there  is 
«  limit  to  the  elasticity  of  solids,  beyond  which  they  are  either 
inca)ialile  of  regaining  their  origiiiiU  size,  or  they  break.  The 
anitual  body  affords  uumerous  examples  of  elasticity,  We  find 
k  bigfaly  elastic  ti«He  in  the  lignmenlam  nuc/ia,  in  the  Kga- 
menta  tvbflaoa,  and  in  costal  cortti^ige.  The  coats  of  the  larger 
ATtcriFK  are  easily  ei(«ndi;d,  and  aft«r  the  removal  of  the  dilating 
force,  they  quickly  return  to  their  former  ccmditicm.  Many 
urgans  perform  their  functions  almost  entirely  through  tlie 
ailiency  of  eianticity — deirtroy  it,  and  the  function  is  abolished. 
For  example,  in  emphysema  of  the  lungs,  expiration  becoinee 
diffienlt,  and  at  length  impossible,  so  that  death  occurs  from 
thew  organs  ceasing  to  be  elaatic  Rigidity  of  the  arteries, 
frofu  dcpoaition  in  their  coats  of  mineral  matter,  by  which  tbey 
loH  much  of  tlieir  elastic  power,  is  a  common  caiiBe  of  apoplexy. 
Tb«  walls  will  not  yield  to  the  mecliauit'aJ  force  of  the  heart  ; 
tbey  gi*e  way,  and  extravasation  of  blood  into  important  textuivs 
in  liie  remit 

8.  UoLBCDLAR  PRorEBTies. — A  molecule  in  physics  is  a  hyjw- 
thetical  particle  which  is  mtide  up  of  an  aggregation  of  smaller 
bypotlwtical  aloma  of  matter.  Two  forces  are  ever  acting  upon 
'  UiMe  molecules,  the  one  force,  termed  miAecidaT  attraction, 
which  mamfests  itMlf  in  various  ways,  and  is  deaignated  by 
the  teraia  coheaiou,  affinity,  or  adhesion  ;  t^e  other,  tno/ecaiar 
npuiatm,  will  be  referred  to  afterwards  when  describing  the 
propsrtie^  ndating  to  beat. 

a.  Cvhtmon  is  tin-  force  which  unites  two  molecules  of  any 
lody.and  it  is  usually  expressed  by  the  weight  which  suffices  la 
aepanic  three  uioleculcs  from  each  other.  A  thin  iron  wire, 
the  ttnnax'eive  section  of  which  is  about  the  3.10<K)thjS  of  a 
sqnajv  inch,  will  support  a  weight  of  330  lbs.  No  part  of  the 
Knimal  bixly  has  ao  strong  a  cuheuve  power  as  thin  iron  wire, 
but  by  special  combiuiitions  of  textures,  the  cohesive  power  of 
which  may  vary  considerably,  those  parts  of  the  body  which 
h**e  to  atistAiu  a  great  weight,  or  be  subjected  to  considerable 
tMurioD,  ar«  constructed  of  such  a  strength  that  their  cohesion 
■  far  beyiKu]  their  totist  ordinary  re^iuiremenls.     According  to 
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Valentin,*  it  would  require  a  weight  of  880  Ibe.,  or  about 
seven  timcH  the  weight  of  the  whole  body,  to  tear  the  extensor 
tendons  of  the  fout. 

ft.  AJiniti/. — Tliis  force  is  iisuallj  termed  chemical  attraction 
or  aiBiiity.  It  unites  the  elements  into  compound  bodies.  It  is 
a  force  of  intense  energy,  is  most  strongl;  exerted  between  dis- 
similar substances,  producing  a  third  aubatance  entirely  diderent 
in  properties  from  either  of  the  components,  and  under  its  in- 
fluence, the  elementary  bodies,  comparatively  few  in  number, 
arrange  themselves  into  all  the  variouB  forms  of  matter  found  in 
the  three  kiugdoma  of  nature. f 

C.  Adiaion. — This  force  in  exerted  between  the  superficial 
moleculea  of  bodies  io  contact.  It  produces  tlie  phe: 
friction.  Wlien  two  surfaces  of  any  body  aje  jireaaed  together, 
the  superficial  molecules  interpenetrate,  and  there  is  a  loss  of 
molecular  force,  and  development  of  heat.  Friction  forms 
obstacle  to  movement,  but  it  favours  stability.  The  movements 
of  the  abdominal  and  thoracic  viscera,  of  the  joints  and  tendomi, 
are  all  accompanied  by  friction.  A  loss  of  power  is  the  reault, 
but  this  is  reduced  to  a  minimum,  by  the  contiguous  surfaces 
being  constantly  lubricated  with  fluids,  such  as  the  fluid  in  the 
various  serous  sacs  and  buria  mjtcaim.  and  the  synovia  of  joista 

Molecular  forces  are  constantly  operating  in  aU  living  tex- 
tures, and  have  been  previously  referred  to  when  speaking  of 
moleculiir  coalescence  and  dieiutegration  (p.  40). 

3.  MecHAHicAL  Fropebtieb. — The  tissues  possess  certain 
properties  which  obey  the  laws  of  meclmnics.  Tliese  may  b» 
considered  under  the  beads  of  density,  weight,  the  properties  of 
the  lever  and  the  properties  of  the  pulley. 

a.  Ikinrity. — By  density  is  meant  the  quantity  of  matter  con- 
tained in  a  certain  volume.     Certain  tissues  of  the  body  ars , 
more  dense  than  others.     Bone  is  more  dense  than  muscle, 
enamel  than  bone,    An  organ  may  be  more  dense  in  one  part   I 
than  in  another,  as,  for  example,  the  ciystalline  lens  is  mora   { 
dense  in  the  centre  than  at  the  periphery. 

b.  WeighL — Weight  may  l>e  of  three  kinds,  absolute,  relative,  J 
and  specific      Almolute  weight  is  the  pressure  exerted  by  afl 
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quiescent  body  upon  the  surface  on  which  it  rests,  and  is  the 
result  of  the  action  of  gravity.  A  book  lying  on  a  table,  presses 
on  the  table  with  a  certain  weight  proportional  to  its  mass. 
RdcUive  weight  is  the  ratio  of  the  absolute  weight  of  a  body  to 
that  of  another  body  arbitrarily  chosen.  It  is  determined  by 
means  of  the  balance,  and  the  unit  of  weight  now  employed  by 
scientific  men,  is  that  of  a  gramtnej  according  to  the  French 
metrical  system  of  weights  and  measures.*  Specific  weight  is 
the  ratio  of  the  weight  of  a  certain  volume  to  that  of  an  equal 
volume  of  distilled  water,  at  4°C.  In  other  words,  it  is  specific 
gravity. 

The  weight  of  the  human  body  varies  much  in  different  indi- 
viduals The  following  table,  prepared  from  the  statistics  given 
by  J.  W.  Dansonf ,  from  observations  upon  4,800  criminals  at 
all  ages,  shews  the  weight  of  the  human  body  up  to  30  years,  and, 
in  a  parallel  column,  the  average  height  of  the  individuals : — 


A<a. 

Wnoirr. 

Hkiout. 

Average. 

Maximum. 

Minimum. 

Avenge. 

Stone». 

Pound*. 

Stonet. 

Poundt. 

SUmet. 

PoundM. 

Feet. 

Incke». 

18 

8 

10.79 

10 

13 

6 

6 

5 

4.34 

19 

9 

4.11 

12 

8 

7 

4 

5 

4.94 

20 

9 

5.58 

12 

8 

7 

13 

5 

5.11 

21 

9 

5.02 

12 

0 

7 

3 

5 

5.57 

22 

9 

12.41 

13 

2 

7 

0 

5 

6.17 

23 

10 

2.95 

12 

12 

7 

12 

5 

6.17 

24 

10 

2.0 

12 

12 

7 

12 

5 

5.94 

25 

10 

5.65 

13 

8 

8 

2 

5 

6.30 

26 

10 

1.06 

13 

8 

6 

12 

5 

6.28 

27 

10 

4.75 

13 

10 

7 

12 

5 

6.38 

28 

10 

2.62 

13 

2 

7 

5 

6.65 

29 

10 

5.53 

13 

12 

8 

4 

5 

7.02 

30 

10 

1.55 

14 

1 

8 

1 

5 

6.36 

According  to  ValentinJ  the  weight  of  the  new-bom  infant  ia 
from  6.62  to  6.84  lbs.    The  weight  increases  up  to  the  fortieth 

*  Tat  %  dew  and  condae  aocoimt  of  the  French  metrical  system,  loe  Hoffman's 
Lecturee  on  Chemistry.    London, 
t  J.  W.  Danson.    ataJtittical  Society**  Journal,  March  1802. 
t  Op,CU. 
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year  is  tLe  male,  and  the  fiftieth  in  the  femnle  ;  and  both  then 
veigh  about  twenty  times  tbe  weight  of  the  uew-bom  infant. 

The  weight  of  the  variouH  organs  also  varies  much  in  difTerent 
in<livi(lilals.     The  following  are  avenigea  l^* 


Organ. 

Weight. 

Heart,— adult  male, 

U     0^. 

adult  fenmie, 

9    oz. 

Sr&iu, — adult  male. 

4flioz. 

ftdult  female, 

44    oz. 

Spinal  cord, 

1    oz.  toljoz. 

lWct,           .         .         , 

50     oz.  to  (W  OJ!. 

Pancreas, 

2i  «a.  lo  31  oi. 

Spleen,        .        .        . 

5    oz.to-oz. 

Lungs, — adult  male, 

4i    oz. 

&<lult  female, 

32    oz. 

Thyroid,      . 

1    oz.  to  2  oz. 

Tljyinus,  at  birth, 

4: 

Kidney,      . 

Suprarenal  capsules,    . 

2    drachma. 

ProBtale,     . 

Testes,         ... 

i  oz.  to  1  oa. 

Uuimpre^ated  aterua, 

T  to  12  drachms. 

_ 

.'-^f-***: 

c  The  preipertiu  of  the  lever. — A  lever  is  a  straight  jsolic 
bar  turning  on  an  axis.  The  axis  is  the/Wcruni,  and  the  parU  A 
of  the  liar  on  each  side  of  the  axis  are  the  Drrrw  of  the  lever. 
Levers  ara  of  three  kinds,  according  to  the  position  of  the  ful- 
crum with  reference  to  the  power  and  the  resistance.  If  the 
fulcrum  Ije  between  the  power  and  the  resistance,  the  lever  is  of 
the  first  kind  (PI.  YIIL  lig.  3)  ;  if  the  resistance  be  lietween  the 
fulcrum  and  the  power,  tbe  lever  is  of  the  second  kind  (PL 
TIIL  fig.  5) ;  and  if  the  power  be  lietween  the  fulcrum  and  the 
resistance,  the  lever  is  of  the  third  kind  (PL  VIII.  %  4).  A 
balance  is  an  example  of  the  first  kind  of  lever  ;  a  wheel-barrow 
of  the  second  ;  and  the  treadle  of  a  turning  lathe  of  the  third. 
An  example  in  the  human  body  of  a  lever  of  the  firat  order  is 
seen  on  rising  on  tip-toe,  when  the  ankle  is  the  fulcrum,  the  Tendo- 
jlcAtiie»  the  power,  and  the  ground  the  resisUince  (PL  VIII.  fig,  7), 
The  skiili  in  its  moveraenU  upon  the  atltuj  is  also  an  example  of 
the  first  order  of  lever.  The  second  order  of  lever  Is  exempli- 
fied in  opening  the  mouth  by  the  action  of  the  anterior  belly  of 
the  diguatric  muscle,  which  is  the  power,  the  t«mporo-maxiliary 

•  Qiula'a  AnilDni/.     ;th  eAMan.    London. 
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rvticnUtion  being  the  fulcfum,  anil  the  reaistaoce  the  tempoml 

I  aiiucle  (PI.  Vin.  fig.  6).     The  most  striking  eiamplea  of  the 

I  Uiird  order  of  lever  itre  to  be  met  with  in  the  ammaJ  ccoooiuy. 

1  The  Umbfl  of  animals  »xe  levers  of  this  kind.     The  weight  of  the 

F  limb  in  the  resistance ;  a  atroug  miisole,  capnble  of  very  powerful 

I  (Dntnctions  through  verj  short  Bpac«B,  att4tche(l  to  the  bone  near 

I  the  joint,  ia  the  jxiwer ;  nnd  the  socket  of  the  bone  ia  the  fulcitini. 

I  At  tlie  ahoalder  joint,  the  glenoid  cavity  of  the  scapuUt  ie  the 

L   fillcruni,the  deltoid  iji»ert«d  ioto  the  humerus  is  the  power,  and 

[  Ute  weight  of  the  upper  extremity  is  the  resistance.    At  the 

dbflw  joint,  the  fulcrum  is  the  arlindar  surface  onthelowerend 

'    of  th(*humenis,  the  power  is  the  bicejia  inserted  into  the  tubenile 

[   of  the  nulillB,  and  the  renistiince  is  the  fore  arm  (PI.  Vllf.  fig.  8). 

In  each  of  these  cases,  a  [mwerful  contraction  of  the  muscle, 

ocliug  throogh  a  short  epxce,  gives  couBldt^mble  motion  lo  the 

limb  ;  tmt  there  is. 1  loss  of  muscular  force,  because  the  power  acle 

in  th«  short,  while  the  resistanceactaon  the  long,  arm  of  the  lever. 

In  levers  of  the  third  order,  therefore,  the  power  must  alwaya 

be  greater  tliaii  the  resistjuice.       For  example,   the   biceps   is 

inauted  into  the  radius  at  a  distance  of  S^',  inches  fi'om  the 

elbuw  joint,  while  thecentre  of  the  palm  of  the  hand  ia  13  inches 

I   from  the  auiiie  axis.      Hence,  if,  as  in  Fl.   VIII.  fig.   g,    a 

I  wei^t  ia  placed  on  the  palm  of  the  hand  heUI  horizonbdly, 

1    the  force,  P,  eserteil  by  the  muscle,  is  expressed  by  the  ratio  : — 

'owcr  :  Weight  :  :  13  :  2^  ;  or,  P  =  W  X  ',V  =  8  W  nearly  : 

>  that  t«  support  a  weight  of  1  lb.  in  tlie  hand,  a  force  equal 

to  S IK  must  be  exerted  by  the  muscle.* 

d.  Tht  propertia  of  th<  P^Ug. — An  oriltnary  simple  pulley 
eoasiiitii  of  a  rope  passed  over  a  wheel  The  efficiency  of  the 
armngement  depends  on  the  rojie,  not  on  the  wheel,  the  latter 
bdng  inttoduced  for  the  purjtoee  of  illminishing  friction  and  the 
t  flexibility  of  the  rope.  The  pnlley  is  a  mechanical 
IT  applying  power  in  a  dirtn-tion  in  which  it  may 
I  advantage.  An  example  of  tJie  apphcation 
lie  haman  body  is  seen  in  the  case  of  the 
e  superior  oblique  muscle  of  the  eyelidli,  which 
h  a  flbm-cartiloginous  ring  or  pulley  attached  to 
B  tnvHtara  of  the  frontal  bone.  It  is  alno  seen  in  the 
«  tetwlun  of  the  drewajUsut  palati  which  winds  round 
t  pmcem  of  the  sphenoid  bone. 


T.  %.  nugihton,  U.O.,  F.K.3,. 
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4.  HrDRoaTATic  akd  HrDKOorsAJCic  Peopkrties. — A  know■^  1 
led^^e  <if  the  kwa  rcgulatiug  the  behaviour  of  liquids  at  t 
or  in  motion,  is  of  great  importJince  to  the  phyaiologist- 

Liquuiit^, — Ab  essential  peLiiUarit;  of  liqnidH  is  the  gre>Vfl 
mobility  of  their  particles.     The  slightett  force  displaces 
molecules  of  n  liquid.    This  peculiarity  is  termed  fiHtdilff  a 
liqaidiii/,  and  it  is  owing  to  tltis  property  that  a  liquid  o 
the  shnpe  of  any  vessel  into  which  it  may  be  placed.     Liquidsfl 
hare  been  proved,  by  direct  experiments  made  by  C^uito 
Perkins,  Oersted,  luidmore  recently  by  Col]adonaudSt«mi,*tOn 
be  compressible  to  a  very  minute  extent.    Under  atmospheric 
pressure  wat«r  is  compresaeJ  0.00005  of  its  bulk.     The  same 
experiments  proveil  tluit  liquids  are  perfectly  elastic.    As  a  rule, 
the  densest  liquids  are  those  which  yield  least  to  compression. 

PreMure  of  liqvidi. — When  pressure  is  nuide  upon  a  liquid  & 
one  point,  the  force  prapagnt«s  itnelf  equally  in  all  direction&fl 
This   is  called  Patcal'i  prindj^t   of  tquality  of  prenmirr,.     In  J 
accordance  with  this  taw,  every  portion  of  the  udea  of  a  vei 
contikiiiing  fluid  is  exposed  to  a  pressure,  corresponding  to  tha  1 
weight  of  the  fluid  pressing  against  iL     In  the  vessel  of  water   I 
ACD,  Plate  VIJI.,  fig.  ft,  a  i>article  of  the  flui.l  at  B  is  pretaed 
downwards  by  the  column  of  water  AB,  and  upwards  by  an   1 
eqnal  force,  and  this  pressure  is  communicAled  laterally  to  tht  ] 
particles  lying  in  the  horizontal  plane  BD  and  BC.    Thus  ever^  1 
point  in  the  sides  of  the  vessel  I>ears  a  pressure  of  the  sanw 
amount  as  that  whidi  acts  on  the  partii'les  of  Quid  in  the 
horizoulAl  layer.    The  lateral  pressure  of  a  Quid  on  any  area  of 
the  inner  surface  of  the  vessel  is  proportional  to  the  depth  of 
that  area  below  the  surface  of  the  fluid.     This  will  be  evident 
on  looking  at  Fig.  10  in  Plate  VTII.     lu  the  vessel  EH,  tbo  I 
finid  column  AC  transmits  its  pressure  through  the  layer  CD  to  1 
I> ;  and  the  column  EF  transmits  its  force  to  G  i  the  pressure  at  1 
G  must  therefore  be  greater  than  the  pressure  at  D  in  the  siunv  A 
proportion  as  EF  is  greater  than  AC.f     Tlie  pressure  of  a  fluid,  j 
however,  depends  not  merely  on  the  height  of  the  column,  bot  J 
also  on  tlie  speciSc  gravity  of  the  fluid.    A  fluid,  the  sjit-cifio  I 
gravity  of  which  is  four  times  that  of  another  fluid,  will  exert   ] 
a  pressure  four  times  as  great. 

The  walls  of  the  arteries  are  always  subjected  to  a  certain   | 
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amount  of  pressure  or  tensiou.  By  means  of  an  instrument 
termed  the  hoemadynamometer  or  kymograpkion,  the  principle 
of  which  is  Pascal's  law  just  described,  this  pressure  or  tension, 
or  in  other  words,  the  strength  of  the  current  of  the  blood,  may 
be  accurately  measured.  This  instrument  will  be  fully  described 
in  treating  of  the  Practical  Physiology  of  the  circulation.  The 
average  amount  of  pressure  in  the  arteries  of  the  larger  Tnn.Tnmji.lia 
amounts  to  from  5*9  to  6*3  inches  of  mercur}\    (See  Circulation.) 

Ilydrcalaiic  equUihrium, — Water  permitted  to  flow  through  a 
series  of  tubes  from  a  cistern  will  always  tend  to  rise  to  the 
level  of  the  fluid  in  the  cistern.  It  will  do  so  independently  of 
the  calibre  and  form  of  the  tubes.  Let  LU  in  Fig.  17,  Plate 
VIIL,  be  a  common  reservoir,  haviug  inserted  in  it  the  diflfer- 
ently  shaped  tubes  A  B  C  D  E  F,  and  water  be  poured  into  D, 
it  will  attain  the  same  elevation  in  each  of  the  tubes,  and  it  will 
remain  in  a  state  of  hydrostatic  equilibrium. 

Principle  of  A  rchiniedes. — When  a  body  is  floating  in  a  fluid, 
it  dispbces  a  certain  amount  of  liquid,  and  it  is  subjected  to 
two  forces,  its  own  weight  and  the  resultant  of  the  fluid  pres- 
sures acting  vertically  upwards  through  the  centre  of  gravity  of 
the  displaced  fluid.  It  will  be  upheld  by  a  force  equal  to  the 
weight  of  the  liquid  displaced  by  the  body.  This  is  caUed  the 
principle  of  Archimedes.  The  human  body  is  on  the  whole 
lighter  than  an  equal  volume  of  water,  and  if  quiescent  floats 
on  the  surface. 

Specific  gravity, — Specific  gravity  is  relative  weight,  and  the 
standard  of  comparison  is  the  weight  of  the  same  volume  of 
distilled  water  at  4'^C.  The  specific  gravity  of  the  various  con- 
stituents of  tlie  body  varies  "^-ithiu  uarrow  limits.  Of  all  the 
animal  textures,  fat  possesses  the  lowest  specific  gravity,  bones 
the  highest.  None  of  the  fluids  have  the  specific  gravity  of 
water,  because  they  all  contain  solid  matters  dissolved.  The 
fluid  of  lowest  specific  gravity  found  in  the  body  is  the  aqueous 
humour  of  the  eye.  The  following  is  a  ILst  of  the  specific 
gravities  of  the  more  important  solids  and  fluids,  according  to 
Valentin  :  ♦ 

Subetanoe.  Specific  (fravity. 

Water, 10(10 

Blood, 1060 

Urine, 1020 

•  Valeotin,   Op.  CU. 
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SubaUncB.  Spedlls  gnvlty. 

Ijiouor  Amnii,     .        .        ,        ,    \ 

a^ivft, >    1004  to  1020 

Gastric  Juioe ) 

BLIe ) 

Lvmph, \    1020  to  1040 

Milk, ) 

Brain 100fltol030 

TendoQB UIO 

Cartilagea, 1100 

Freah  Bonea,         ....         1200 

Muscles, 1020 

CapSlariiji  or  imbibition, — The  physical  phenomenon  of  capit  a 
larity,  or  the  rise  of  fluids  in  tine  tubes,  ia  niamfeat«d  wLeu  a  I 
tube  or  rod  having  a  very  small  diaJoet^r  is  placed  in  contact 
with  a  liquid.  When  a  glass  tube,  bent  as  in  fig.  13,  PUte 
VIII.,  ia  fiUed  with  water,  the  liquid  Bettlea  into  a  position  of 
equilibrium,  in  which  the  water  at  A  and  B  is  raised  upwards 
against  the  aides  of  the  tube,  so  that  the  surface  ia  concave.  ^^^ 
But  if  the  same  glass  tulie  is  filled  with  mercury,  it  is  not  ^^H 
moistened  by  the  mercury,  and  the  mercury,  after  coming  to  ^^H 
equiUbrium  at  A  and  B  (Plate  Vllt.  fig.  12),  is  depressed  ^H 
against  the  sides  of  the  glass  tube,  so  that  its  surface  is  coo-  ^^^| 
vex.  The  smaller  the  diameter  of  the  tube  the  more  appk-  ^^H 
rent  are  the.se  phenomena.  Similar  results  are  observed  when  ^^H 
two  parallel  glass  platea  are  brought  aufficiently  near  each  ^^B 
other  in  a  fluid.  By  means  of  capillarity,  water  rises  in  the 
pores  of  wood,  H)KiDge,  &c.,  and  thus  becomes  diffused  through- 
out the  texture.  Tendon,  membrane,  or  cartilage  will  dry  into 
a  aolid  brittle  mass  unlike  anything  which  occurs  in  the  body, 
but  jilunge  them  into  water,  and  they  imbibe  moisture,  and  ■ 
again  become  soft,  elastic,  and  resume  their  original  propertJei.  J 
Keeping  the  tiasues  moist  by  means  of  imbibition,  is  c  ~  ~ 
mense  importauco  iu  the  animal  economy. 

EiidmmoH. — When  two  liquids  of  diflereut  detisitiea  an  i 
separated  from  each  other  by  a  thin  membrane  or  poroua  piuti-  I 
tion,  a  current  sets  in  from  each  liquid  to  the  other,  and  these 'J 
currents  continue  till  the  twi)  fluids  become  of  the  same  denai^.  ' 
Over  one  end  of  a  long  glass  tube  (Plate  VIII.  lig.  14)  tia  j 
firmly  a  piece  of  membrane  (A),  such  as  bLtdder,  and  fill  ttie  ' 
tube  with  a  strong  solution  of  sugar.  Tlien  iiuiiierse  th 
of  the  tube  in  a  vessel  of  pure  water  (Plate  VIII.  fig.  15  C,.  i- 
will  soon  be  found  that  the  fluid  begina  rapidly  to  ascend  in  the  I 
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tulie,  no  J  the  smroTinding  water  to  aoquirti  a  sweet  taste.  Such 
Ui  instrutneat  is  called  on  onmamttxr.  Two  curreats  have  been 
establiidied,  tbe  one  termed  the  endomaotic  current  (I>S»,  iuwards, 
•H^n,  impulse),  flowing  fmm  the  water  into  the  aynip,  nnd  the 
other,  tt>naeil  tJieR«wmo(H;(IE,  outwarcis), flowing frtiiutheBjTup 
to  the  water.  The  sugnr  sulutiou  being  much  more  ileose  than  the 
smrotuuiiog  water,  more  water  poBseit  iutu  the  sjrap  tluui  Mjrup 
into  the  wHtcr.  Toproduceoemosc:,  it  in  necesaarythut  the  fluids 
be  different  but  capable  of  mixing,  that  the  densities  bo  diflerent. 
Mid  th*tt  the  eeptam  between  them  be  permeable  and  more 
fieelf  wetted  by  erne  liquid  than  the  other.  Tlie  liquid  which 
ntoat  freely  weta  the  membrane  pMsaes  out  more  rapidly  limn 
the  oilier  passes  in.  As  a  general  rule,  eudosmoee  tftkes  place 
t<»v»rda  the  denser  li<iuid.  If  11  lilm  of  collodion  forms  the 
Miptum,  with  alcohol  on  one  side  of  it  and  wat«r  on  the  oilier, 
tfak  alcohol  wilt  pads  towards  the  water,  beosuse  the  coUudion 
film  ia  raore  eaiiily  wetted  by  the  alcohol 

The  invesli^tiens  of  Graham*  have  led  to  tbe  following  cou- 
chnuaDii:  1.  Uren,gum,  sugar  of  milk,geliitin, and  other  neutral 
Ot]puucMjt)sUiucee,exercise almost  uo  oeniotic action ;  2.  Neutral 
iftll^  auch  aa  sulj>hate  uE  magnesia,  have  no  special  osmotic 
■etian  ;  3.  Aikuline  solutions  produce  endomnotic  action  to  a  very 
ranariwhle  extent.  Wtieu  the  alkaline  solution  was  placed  in  tbe 
<Mnoiu«l«r,  a  large  bulk  of  water  soon  entered  the  osmometer, 
whila  only  a  small  portion  of  tlie  alkaline  salt  escaped  into  the 
■;  4.  DiluteacidKandsohitiouHof  addsalts  producedacui^ 
ji  the  iipiMtaite  direction,  that  lb,  they  passed  readily  from  the 
■Deter  to  the  surrouuiling  water  ;  b.  In  every  instance  the 
b  ■Mined  to  de)>end  on  a  chemical  action  un  the  «eptum. 
teeli  to  lake  place  in  the  highest  degree  between 
lul  it  has  Imbii  found  that  the  force  of  difluniou  between 
«  ttfparsted  by  u  septum  is  inversely  as  the  square  roots 
i  tl  tliur  denEities.  Tbe  absorption  of  fluid  by  cuUiueous  mir- 
»  depricud  of  epidermis,  and  by  mucous  uud  serous  mem- 
Ma  tuv  all  Vi  be  explained  by  eudoimose.  A  fluid,  such  nn 
«r,  having  u  lower  specific  gravity  than  the  blood,  is  rapidly 
afaMfloil  by  the  blood  veaaels  of  the  mucous  membrane  of  thn 
h  and  iiiUwtiuua.  The  action  of  certain  purgatives,  such 
a  of  the  sulphate  of  mogDesia,  is  aLw  jiarlly  explaiueil 
by  endoamotic  action.  In  this  instance,  IIil'  klUul-  soliiticm  in 
•  Onlwm,  FhO.  IVaw.    IBM. 
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the  bowel,  having  a  higher  apeoific  gravity  than  the  blood,  the 
serum  of  the  blood  transudes  from  the  vessel  into  the  boweL 
By  the  researches  of  Matteucci,  it  hoM  been  shewn  that  the 
absorption  of  fatty  matter  by  the  lactenie  in  the  villi  of  tho 
intentine  is  also  due  to  osmose.  Fatty  substaaces  do  iiot  moisten 
the  aurfaoee  of  membranes,  and  therefore  are  not  absorbed  ; 
but  when  made  into  an  emulsion  by  the  action  of  au  alkali, 
they  are  absorbed  readily.    (See  Chylificati<in.) 

Eudosmotic  actiou  is  greatly  influeawd  by  the  movement  of 
one  of  the  IfniUs.  An  arrangement  is  shewn  in  Fig.  15,  F[at« 
VIII.,  which  illuBtratea  this  fact  very  dearly."  Let  4  be  a 
funnel,  having  atta(^hed  to  it  b  piece  of  blood  veaael  or  intestine, 
immersed  in  a  fluid  in  the  veeael  i^.  To  the  other  end  of  a 
is  the  bent  glass  tube  e  dipping  into  another  vessel  e.  If  we 
now  allow  a  fluid  cwntinually  to  flow  towards  e,  while  the  fiuid 
in  tj  is  at  rest,  fresh  particles  of  the  fluid  in  a  are  brought  into 
eoutnct  lit  every  instant  with  d.  Thus  the  difierence  in  density 
between  fluid  in  n  and  the  fluid  in  d  will  be  kept  up  for  a  long 
time,  and  the  endosmotic  action  is  increased.  This  experiment 
shews  that  the  movement  of  the  chyme  in  the  intestines,  and  of 
the  blood  in  the  vessels,  influences  osmotic  action  to  a  consider- 
able extent 

DialytU.—kccxtediag  to  Grahain,+  all  bodies  may  be  referred 
to  one  or  other  of  two  great  classes,  which  he  terms  cryitalloidt 
and  eoUoidt.  The  eryttaUoida  have  a  crystalline  structure,  * 
sapid  taate,  form  solutions  free  from  viscosity,  and  tiave  a  veiy 
strong  tendeiicy  to  diffusion  through  a  porous  septum  ;  while 
the  colloid*  (from  »J)an,  glue)  have  a  jelly-like  consiHtence,  HO 
taste,  and  diffuse  through  a  jwrous  septum  with  great  difficulty. 
Colloids,  according  to  Graham,  are  very  liable  to  change,  and  col- 
loidal matter  is  matter  in  a  dynamical  condition.  All  crystalline 
substances  are  examples  of  crystalloids ;  gum,  starch,  dextrin, 
taanin,  gelatin,  and  albumin,  kc,  are  examples  of  colloids.  By 
the  process  culled  diaigm  (l<i,  asunder,  ir"t,  separation)  these 
two  classes  of  substances  may  be  separated  from  each  other.  A 
dialyier  consists  of  a  shallow  tray,  made  by  strelebiug  a  sheet 
of  parchment  pajier  over  one  side  of  a  hoop  of  glass  or  gutta- 
percha ;  place  the  mixture  for  experiment  lu  the  tray,  and  then 
float  the  apparatus  in  a  vessel  of  pure  water.  The  crystalloids 
will  gradually  diffuse  out  into  the  water,  while  the  colloids 
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nuutt  IB  t)is  dialjeer.  The  uuportance  of  the  process  of  asmose 
uul  dul}*U3  in  a  living  beiii);  nmst  be  obvious,  eapeciaJIj  aa 
reganis  nutrition,  alMoqitioii,  exhalation,  and  excretion. 

Fluid*  in  motion. — a.  I'elocitj/  0/  e^iix. — It  the  vessel  o  d  in 
I^kte  VEIL  fi){.  11.  be  kept  conabuitly  filled  witlt  water  up  to 
the  level  tf,  while  it  \a  allowed  to  dischajg*  itself  by  the  orifice 
A,  Uw  vulocity  of  efitiix  is  the  same  as  that  of  a  body  failing 
britn  B  height  ,9  h.  Tlie  distance  g  h  loraa  the  space  through 
which  tlie  luoleciile  of  water  falls.  Now,  if  the  level  of  the 
liqnitl  W  alloweJ  to  fall  U>1  n,  the  velocity  of  efflux  will  be  the 
mme  a*  that  of  a  body  falling  through  the  space  n  h.  This  law 
WM  dimuvered  by  TorricellL  It  is  thus  the  degree  of  pressure, 
gkotnS,  which  detcrminefi  the  velocity  of  efflux.  This  velocity  is 
loned  the<  thftrftied  eeloeilg,  as  distinguished  from  the  aclvat 
vdodly,  which  is  conditioned  by  the  fom  of  the  aperture  in  the 
bottoni  of  the  vessel,  the  diameter  and  cuurae  of  the  tubes 
Ihnmgh  which  the  fluid  is  driven,  and  the  amount  of  resistance 
nSbnd  by  bodies  which  the  fluid  may  meet  with  on  its  way. 
Vnudly  ihe  actual  velocity  is  about  62  per  cent  of  the  thi<i>retical 
niocitj'.  When  a  stream  of  urine  ia  expelled  from  the  bladder 
by  the  orethni,  it  is  discharged  "with  less  force  than  that  which  the 
nraacnlar  walla  of  the  likdder,  ajjaiaUid  by  the  ulxlominal  muscles, 
tmprtwi  upon  it.  The  resistance  of  the  atmoephere  at  the  open- 
ing of  the  uretlim,  and  the  friction  of  the  fluid  agaiuat  its  sides, 
diminish  the  velocity  of  the  efflux. 

b.  Oitcharge  o//itidt/trougk  tubta. — In  the  preceding  paragraph, 
wo  have  mippoaed  the  fluid  to  flow  directly  from  a  small  aperture 
in  th«  hutlum  of  the  vesseL  But  if  n  long  tube  is  fitted  to  the 
j^ierturB,  the  friction  of  the  fluid  u]ton  the  sides  of  the  tube  comes 
inlw  pUy.  M.  Poiaeuille*  bos  stiiilied  the  discharge  of  liquids 
tbmigh  smaJl  tubes  by  the  simple  apparatus  seen  in  PI.  VIIL 
flg.  16.  It  consists  of  a  glass  bulb,  the  volume  of  which,  in 
cubic  iuches,  between  the  marks  M  N.  has  been  ascertained.  It  is 
fontiahed  with  a,  capillary  tube,  A  B,  the  lengthand  diameter  of 
which  are  alw  known.  Water,  or  the  liquid  td  be  experi- 
usntedoa,  is  now  ttucked  up  through  the  tube  A  B  till  It  reaches 
the  levot  U,  and  the  whole  apparatus  is  connected  above  with 
K  TCSBel  containing  com[iressed  nir.  by  means  of  which  a  uni- 
fRrm  pressure  may  be  obtained.  The  pressure  of  the  air 
drivea  the  liijuid  before  it  through  the  tulie  A  B,  and  the 
•  Putoullle,  Ann.  -It  CHimie,  III.  ul.  70 
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time  occupied  iu  the  chnnge  of  level  from  M  to  N  Ih  uoted, 
Tlie  resullB  of  theae  expevimenW  are  as  fuliows*  : — 1.  The  ftow 
inureaaes  directly  as  tlie  pressure.  2.  With  tubea  of  equa.1  dia- 
meter, aud  under  equal  preesures,  the  quantities  discharged  an 
ioveraelj  a«  the  length  of  the  tube.  3.  In  tubes  of  ei^ual  lengths, 
but  of  different  diameters,  the  flow  is  us  the  4t}i-puwent  of  the 
diameters  :  for  exajnple,  if  tubes,  ooe  of  0'4  millimetre,  another 
of  0*2  millimetre  in  diameter,  lie  com[>ared  together,  tlie  pffl'n 
from  the  larger  tube  would  be  sixteen  times  as  great  as  from 
the  smaller  {4* =250;  2*=  16.-.  ',V  =  I*!)-  The impurtjii 
this  fact  IB  well  illuHtrated  by  considering  the  rcite  of  flow  in 
the  capillaries.  In  the  eapillarj  Bj-atem,  the  resistance  from 
friction  is  greatly  iucreased  by  the  narrowing  of  the  tube.  Fiiw 
capillarieif  are  about  I-ll,00Oth  of  an  inch  in  diameter.  Tbeiv 
transverBB  section  is,  therefore,  in  accordance  with  the  ni&thef 
matical  law  that  the  areas  of  circles  of  different  sizes  are 
proportion  of  the  squares  of  their  diameters,  1^10,000 
smaller  than  that  of  a  capill/try  l-lUth  of  an  inch  in  diameter 
(10"  =  IIXI,  and  11,0LH)'  =  12I,()00,0(X1 .-.  ""'JilS'"'  =  1.210.000). 
By  finding  the  fourth  power  of  11,000  (11,000*  =  14,041,0(10, 
000,000,(KX)),  and  dividing  it  by  the  fourth  {lower  of  10 
( 10*  =  10,000)  we  arrive  at  the  conclusion  that,  in  similar  cir- 
cumstances, the  quantity  of  fluid  Quwing  out  of  the  small  capil- 
lary would  be  reduced  to  l-l,464,100,IXK>,OOOIh  of  that  passing 
out  of  tbe  larger  tube.f  The  rate  of  efflux  from  capillary 
tubes  bears  a  relatiini  tn  the  d<i:ieity,  capilliirity,  or  fluiditjr 
of  the  fluid  pasaiug  through  litem.  Poiseuille  shews  it  to  b* 
lughly  probable  that  when  various  salts  are  mingled  with  tha 
serum  of  the  blood,  provided  they  do  not  coagulate  it,  rstar- 
dation  or  acceleration  ocoiiis  iu  the  capillaries,  according  to  the 
nature  of  the  salt  employed. 

In  the  human  body  tbe  interior  of  the  blood-vessels  is  very 
smooth,  aud  thus  friction  is  reduced  to  a  minimum.  As  the 
blood  flows  onwards  in  tbe  arterial  system,  it  passes  from  largoT 
to  smaller  blood-vessels,  and  one  might  expect  that  consequent^ 
the  velocity  iu  the  smaller  vessels  would  be  greater  thau  in  the 
lai^r.  But  tbe  huiu  of  the  trausverse  section  of  u  number  of' 
email  braneUes  is  greater  thiui  that  of  the  chief  trunk,  bo  i 
the  channel  widens  in  the  snme  directiou  as  that  iu  which 
subdivision  occurs,  auU.  conaequHutly,  the  nearer  Uie  blood 

*  MUlgr.   Chemlokl  Ptajilis.  Op.  CiL  f  VnkuUn,  Op.  CU 
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proaches  the  capillaries,  the  slower  is  its  flow.  But  in  the  venous 
system,  or  in  the  passage  of  the  lyiuph  upwards,  or  in  the  passage 
of  an  excretion  through  the  ramified  ducts  of  a  gland,  the  velo- 
city of  movement  is  always  increasing. 

5.  Pnectmatic  Properties. — Gases  are  bodies,  the  molecules 
of  which  are  in  a  state  of  constant  repulsion.  In  a  liquid,  the 
forces  of  cohesion  and  repulsion  exactly  counterbalance  each 
other  ;  in  a  gas,  the  repulsion  predominates.  In  consequence  of 
this  repulsion  between  its  molecules,  a  gas  is  highly  elastic.  Two 
physical  conditions,  temperature  and  pressure,  regidate  the 
volume  of  a  gas.  The  volume  of  a  gas  is  inversely  as  the  pressure. 
Heat  increases  the  repulsive  force  between  the  molecules,  and,  con- 
sequently, the  gas  expands, — the  rate  of  expansion  being  1-273 
of  the  bulk  of  the  gawfor  every  centigrade  degree  of  temperature.  M^Qe^  C 
By  the  combined  application  of  a  low  temperature  and  great 
pressure,  many  gases  have  been  converted  into  liquids,  and  there  is 
reason  to  believe  that,  with  suflicient  cold  and  pressure,  all  gases 
might  be  compelled  to  assume  the  liquid  form.  When  a  gas  is  con- 
fined in  a  limited  spjice,  it  exerts  a  pressure  equal  in  intensity  at 
all  points,  and  this  pressure  will  be  in  proportion  to  the  elastic 
force  of  the  gas  as  controlled  by  temperature  and  pressure.  This 
property  of  gases  becomes  of  importance  in  cases  of  tj^^hoid 
fever,  in  which  there  is  often  danger  of  rupture  of  the  bowel 
from  the  accumulation  of  gas. 

The  aimospheric  air  is  a  mechanical  mixture  of  nitrogen  and 
oxygen,  in  the  proportion  of  four  volumes  of  the  former  to  one 
volume  of  the  latter.  Tliis  mixture  has  weight  or  pressure,  and 
the  amount  of  this  pressure  is  measured  by  an  instrument 
termed  the  barometer.  It  consists  of  a  glass  tube  A  (PI.  VIII. 
fig.  18),  perfectly  emptied  of  air,  inverted  in  a  cistern  of  mer- 
cury, BC.  The  mercury  at  once  rises  to  D — D,  so  that  the 
perpendicular  column  of  mercury  is  supported  by  the  pressure 
of  the  atmosphere  on  the  surface  of  the  mercury  in  the  cistern. 
The  mean  height  of  the  barometric  column  at  noon,  at  Greenwich, 
is  29.872  inches,  representing  a  pressure  of  14.617  lbs.  to  the 
square  superficial  inch.  Thus  every  square  inch  on  the  surface 
of  a  man's  body,  is  under  a  pressure  of  about  15  lbs. 

According  to  Quetelet,  the  pressure  on  the  surface  of  the  body 
of  an  ordinarily  sized  man  is  224  times  the  weight  of  the  body. 
It  is  evident  that  such  a  pressure  could  not  be  borne,  were  it 
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not  the  fact  that  tliis  pressnre  is  exerteit  on  tLe  snrfuce  of 
the  internal  cavitiea  of  the  body,  as  well  aa  on  tim  external 
surface.  There  are  dosed  cavities  of  the  body,  Buch  sa  the 
pleunp,  the  peritoneal  cavity  of  the  abdomen,  and  the  synoviat 
cavities  of  joints,  which  contnin  no  air,  and,  in  a  healthy  stat^ 
only  a  very  small  quantity  of  fluid,  so  that  the  atmceplieric  pres- 
sure main  tains  the  walls  of  these  cavities  in  close  con  tact  with  each 
other,  and  favouva  a  gliding  movement  of  the  one  upon  file  other. 

Abtorptioa  of  Gtua. — Solids  and  hquidi)  abeorb,  or  condense 
in  their  pores,  a  certain  definite  amount  of  any  gaa  with  which 
they  are  brought  into  contAct.  Soliib,  as  a  nde,  absorb  less  gas 
than  the  same  volume  of  liquid.  When  a  liquid  is  brought  into 
contact  with  a  gas,  the  gas  may  either  enter  into  a  chemical 
combination  with  it,  or  it  may  not.  In  the  former  case,  the 
amount  of  absorption  will  depend  on  the  ordinary  laws  Ot 
chemical  action  ;  in  the  latter,  it  will  degiend  on  certain  con- 
ditions of  t«mperature  and  pressure.  Under  increased  pre8sni«^ 
the  amount  of  gas  absorbed  is  greater.  When  a  miiture  of  two 
or  more  gases  is  brought  into  contact  with  a  liquid,  with  which 
none  of  the  gases  enter  into  chemical  combination,  and  allowed 
to  remain  for  a  time,  a  portion  at  each  is  absorbed  ;  but  the  Uquid 
does  not  absorb  so  much  of  any  one  gas,  as  it  would  have  done  if 
that  gas  alone  had  been  present,  and  the  quantity  iu  that  case  will 
depend  upon  the  pressure  which  each  gas  exerts  upon  the  liquid.* 

These  facts  are  of  gi-eat  importance  in  the  consideration  of 
the  function  of  respiration,  and  the  presence  of  gases  iu  the 
blood.  Becently  Lothar  Meyer  +  has  found  that  the  amounts 
of  carbonic  acid,  oxygen,  and  nitrogen,  absorbed  in  the  blood, 
vary  with  the  pressure  ;  but  the  nitrogen  obeys  the  law  of 
natural  pressores,  while  only  a  portion  of  the  oxygen  and  car- 
bonic acid  do  so.  That  Is  to  say,  a  certain  amount  of  oxygen 
and  carbonic  acid,  remains  dissolved  in  the  blood,  independent 
of  pressure  ;  and  it  is  a  remarkable  fact,  that  the  amount  of  the 
oxygen  thus  retained,  is  much  greater  than  the  absorbed  portion. 
"  From  these  facta,  we  may  draw  the  interesting  conclusion, 
tliat  the  richness  or  poverty  of  a  given  volume  of  air  in  oxygen 
can  exert  but  a  very  slight  iuHuence  on  the  total  volume  of 
oxygen  cootalued  in  the  blood,  and  therefore  upon  animal  life."! 

Difiuimi  of  Oaiti. — All  ga^ea,  even  where  they  do  not  ent«r  into 

•  Roione,  Article  "  Qua."    W«l"j  DicUimMT  "' ( 

t  Ko*«M.    op.  C 


I 


4 


OF  THE  TISSUES. 


"3 


chemical  combinntion,diifiisetbeineelveathroughoneaiiother,aiid 
form  a  uniform  mixture.  This  phenomenon  takes  place  eveu 
though  the  guses  are  at  perfect  rest,  and  tlieir  specific  gravities 
different.  The  law  which  governs  this  diffusion,  estahliBhed  by 
QraluLm,*  is,  that  the  relative  diffosibility  is  inveiseljas  the  iiquare 
root*  of  t^e  densities.  This  property  of  ganea,  aenires  the  dilution 
nf  noxioatr  gases  and  Tnpours  hj  pure  air,  and  man  is  thus  pro- 
t«ctoil  BO  fur  from  their  injurioas  effects.  Respiration  itself 
(lepwds  upon  the  pi'ucem  of  diffusion,  a  fretih  supply  of  air 
tJtking  the  place  of  that  which  had  hten  rendered  unfit  ia  sup- 
port life  by  the  chemical  changes  which  it  has  undergone. 

TntntpiraliimofUiita. — When  ^ses  were  transmitted  through 
fine  tubes  by  Grahaiu,f  in  a  eeries  of  experiments  corre»pooiliiig 
to  those  of  Poiaeuille  ou  liquids  (p.  1  ID),  he  found  that  the  rate  of 
effiox  of  the  gas  frtm the  tube,  or rateoftranBpiration,as  he  termed 
it,  was  entirely  independent  of  its  nle  of  difftision.  The  rate 
tif  tnnqiiraliiiii  Jncreaaea  directly  as  the  prensure,  with  tubee  of 
*!C(ijnl  diaiuut«r ;  the  volume  transpired  in  equal  times,  is  inver- 
nly  AS  the  kugth  of  the  tube ;  and  us  the  tenperuture  rises,  the 
tnospiratioa  of  equal  voliimea  iiecomes  slower.  Of  all  the  gases 
Inod,  oiygeu  has  tlie  slowest  rat«  of  transpiriLlicin.  The  bearing 
of  these  facts  ou  the  function  of  respiration,  ie  not  yet  evident, 
bat  they  no  doubt  affect  it  more  or  leai>. 

6.  PsorE&TtBs  BELATiso  TO  H  K4T.— The  term  beat  is  used  to 
■sprees  a  ptKuliar  aeusation,  but  it  also  tiescribea  the  condition 
of  natter  wliich  produces  that  sensation.  Our  sensations,  hoW' 
>var,  do  not  inform  us  of  the  acttial  amount  of  the  heat  of  any 
t,  but  they  \kbx  te«tiiuony  to  tlie  fact,  that  it  imparts  that 
"  D  1«  our  botlies,  or  removes  it  A  body  having  a  certain 
),  muy  appear  to  our  sense  of  touch  to  be  hot 
e  «nd  cold  at  another. 
Wkea  it  heat  I  Two  theories  have  been  advanced  to  answer 
Uu*<iU«ation  :  1st  The  emiiawn  theory,  which  states  that  the 
nolAcuIiM  of  all  bodies  are  surrounded  by  a  subtle  fluid,  which 
has  the  power  of  jMissing  from  one  body  to  another.  When 
Una  fluid  enters  our  body,  we  feel  warm  ;  when  it  leaves  it,  we 
fee]  ooliL  2d.  The  vndulatorff  theory,  which  asserts  that  heat 
is  not  a  fluid,  but  a  eoiidition  of  matter  easily  transferable  from 
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one  portion  of  a  Bubstance  to  another.    Thkconditiou  of  matter  | 
is  believed  to  be  on  oscillation  of  il^  particles,  luiil  the  more   | 
rapid  and  eict^nsive  these  oecillations,  the  higher  is  the  tern* 
pemture.      This  luttcr    view   is    lUao   termed    the    difnam 
tkeorg  of  hral.      According  to  it,  heat  is  a  mode  of  motion,  I 
not  a  material  substance.     Count  Hiunford  was  the  &itt,  i 
1798,  to  advance  this  theory.      In  the  following  year,  1T99,  ] 
Sir  Humphrey  Davy  shewed  experiiueutidly  that  heat  could  not  I 
]K>ssibly  be  matter,  as  it  could  be  actually  created  by  friction.   I 
For  mauy  years,  thin  explanation  of  heat  was  not  generallf  i 
accepted  J  but  theinveatigationaof  sevei'alphilosophere,  of  whom  1 
we  may  mention  Camot,  John  Thomson,  Beguin,  and  Colding,  1 
tended  to  support  it.     It  was,  however,  reserved  for  Mayer  rf  I 
Heilbronu,  by  theory  and  ealculatiou,  in  1642,  and  Joule,  oC'l 
Uancbeal«r,  by  ilirect  experiments  made  in  tlie  years  1843, 1644,  1 
1647,  and  1849,  to  settle  the  question,  by  determining  tha  I 
tnecAanical  equivalent  cf  h«ct,     They  shewed  that  heat  could  ba    | 
measured  accurately,  and  that  it  always  represented,  i 
the  result  of,  n  wrtaiit  amount  of  work  ;  and  they  established 
the  great  (act,  that  heat  is  simply  another  form  of  possible  force 
or  murffy.     It  is  never  lost  or  destroyed  ;  but  it  may  be  resolved 
into  other  forms  of  energy.    By  the  term,  mechanical  eqnivaleat 
of  beat,  is  meant  that  the  mechanical  force  represented  by  a  fall  of 
T7S  lbs.,  through  the  space  of  one  foot,  will  pi-oduce  the  quantity 
of  beat  capable  of  increasing  tbe  temperature  of  a  pound  of  water 
by  ITahr.*    The  dynamical  theory  is  the  one  generally  adopted. 
For  the  application  of  this  theory  to  vital  phenomena,  see  Cor- 
relation  and  Conservation  of  Force  under  Vital  Propertiei 
the  Tissues. 

Sowca  of  heat^^\.  The  sun.    The  amount  of  heat  recei 
by  the  earth  from  this  source  in  one  year  would  be  sufficient  to  4 
melt  a  layer  of  ice  one  hundred  and  five  feet  thick,  spread  over  ' 
the  surface  of  tbe  earth.f    3,  The  internal  heat  of  the  earth, 
which  shews  itself  in  hot  springs,  volcanoes,  4c.     3.  Friction 
of  one  body  upon  another.     The  amount  of  heat  derived  from 
this  source  alone  is  inmiense.     4.  Chemical  action.     More  oi  J 
less  heat  is  always  developed  during  chemical  action.     Under .( 
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tKis  liend  msy  be  clAsaed  heat  ilevelopeil  by  living  beings,  which 
u  the  result,  aa  -will  be  exjilaineil  more  fully  hereafter,  of  chemi- 
cal dumgea  taking  place  in  the  tlsstiea.     (See  Animal  Heat.) 

EfecU  of  ktat.  —1.  Heat  elevates  teroperatore,  that  in,  it  not 
onlj'  cauMM  a  body  to  produce  the  eengatiou  of  heat,  but  it  iu- 
)  its  tendeucy  tv  impart  hsAt  to  other  bodiea.  2,  Heat 
!s  bodies  to  ex|iiuid,  nud  converts  solid  bodiea  into  liquids, 
and  liquids  into  gasea.  3.  Heat  produces  chemical  changes,  and 
it  aim  mndities  the  magnetic,  electrical,  and  optical  properties  of 
bodicM.* 

Spteifie  heat. — It  has  Iiuen  fuuud  by  numerous  eKperiments 
that  the  quantity  of  heat  needed  to  effect  a  given  change  of 
tcBiper»tiire  is  different  for  itlmoHt  every  substance  ;  and  tliese 
quantities  of  heat  are  termed  thetperijie  heals  ot  the  substances. 
Tb«  stjindan]  of  coniparisou  is  the  amount  of  heat  required  to 
raise  the  temperature  of  im  cqunl  amount  of  water  from  0  to 
1°C.  For  instance,  the  statement  that  the  specific  heat  of  alco- 
hol ie  .612,  implies  that  the  quantity  of  heat  tliat  would  siifiice 
(o  ntas  the  temperature  of  any  given  quantity  of  alcohol  from 
V  lA  IH^,  would  raise  the  temperature  of  an  equal  quantity  of 
wnt«r  only  from  0°  to  0.815.  Bright  arterial  blood  has  a  spe- 
cific heat  of  1.03,  tind  dark  venous  blood  of  .81).  Muscle  shews 
a  apecilic  h«at  of  .74.  and  fatty  bodiea  .40  l«  .45,  The  gases 
concerned  in  rrsjiiratiou  have  small  RpeciHc  heats.  Thus,  the 
aped&e  heat  of  air  is  .2374  ;  of  oxygen,  .21TS  ;  of  nitnigeu, 
.S43S;  and  of  carbonic  acid,  .2163,  The  sfiecitic  beat  of  the 
Mine  body  is  commonly  greater  iu  the  liquid  than  in  the  solid 
«t«t«,  and  always  less  in  the  gaseous  tlian  in  the  liquid  state. 

Channel prodiieedhij  htat  tipon gates,  liquidi,  and mliiU. — Asa 
gKnenU  rule,  all  bodies  expand  on  tbe  application  of  heat  This  is 
daetomakc^lLrrepuliuoD.  Gasesexpandat therateof  1.273dof  •  . 
their  Toliime  for  every  degree  ceutigrade.  Liquiiis  also  eiiwnd,  Z*^^ 
but  thetv  is  Ilo  gw neral  law  regulating  their  expansion,  as  in  guses  p 
(or  it  tsfouDcl  timtnot  only  hu  almost  every  liquid  a  co-efficient 
of  eipaaidon  different  from  that  of  any  other,  but  the  ca-effident 
of  the  suite  subsUnce  varies  much,  with  chiingcs  of  temperature. 
Soli>Ualsoexp(ind,but  they  vary  much  in  the  rate  of  expansion. 

FiuioH. — When  a  body  is  heated  to  a  certain  point  it  melts;, 
or  OBBiuaee  the  liquid  form  ;  when  it  cools,  it  resumes  the  solid 
form,  or  soUdi&es.    Tbe  temperature  at  which  these  pheu 
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take  place  varios  much.  SuIphurouB  anliyclride  (SO^  nielta  at 
80°,  tin  at  235°,  silver  at  101)0°,  and  platinum  at  2000°,  A  liquid 
cooled  slowly,  and  protected  from  all  mechanical  disturbanc-'e,  will 
not  solidify  till  it  baa  been  cuuled  10°  or  \¥  below  its  ordin&TT' 
pobt  of  solid  ificaticm.  Id  this  way,  water  may  be  made 
freeze  at  10°  instead  of  at  0°. 

Vapourg. — Wlien  a  little  water  is  eipoaed  to  the  air,  part  of 
it  disappears  into  the  atmosphere  in  the  form  at  vapmir.  In  the 
case  of  water,  evapoi'atioii  lakes  place  at  all  tempers  turet.  When 
a  liquid  evaporates  in  an  enclosed  space,  the  amount  of  evapora- 
tion depeudaon  the  nature  of  the  liquid,  ou  the  lemjierature, and  on 
the  eictent  of  the  space.  After  the  space  is  tilled  or  saturated  with  1 
vapour,  the  vajwur,  in  virtue  of  its  elnsticity  aa  a  gas,  exert*  a  .1 
certain  amount  of  tension  njion  the  surface  of  the  liquid,  and  i 
prevents  further  evaporation.  But  if  the  vapour  itself  is  now  sub- 
mitted, cither  to  pressure  or  cold,  part  of 'it  passesagaininto  the 
liqui<l  Btale.  If,  on  the  other  hand,  the  pressure  on  the  vapour 
be  dimiuiahed,  or  ite  temperature  raiaeil,  more  vapoiir  is  formed 
in  the  same  space  till  saturation  ia  again  produced,  and  the 
tension  of  the  vapour  ia  greuter.  Evaporation  is  more  rapid 
in  a  dry  thou  in  a  moi^  atmosphere.  The  larger  the  amount  of 
vapour  present  in  tlie  atmosjihere,  the  smaller  will  be  the 
quantity  of  aqueous  vapour  which  rises  from  an  eiposeil  surface, 
aiid  vinr  reria.  Evaporation  also  goes  oa  more  rairidly  in  a 
strong  breeze  otcurrent  of  air  than  when  the  air  is  still.  Henoe 
the  frequency  of  catarrh  or  "  cold,"  and  of  pnlmonaiy  disordetB 
in  those  who  reside  in  a  climate  where  cold  dty  east  winds  prevaiL 

BoSint/  w  ^uUirioit. — This  phenomenon  takes  pLice  when 
beat  is  applied  t«  the  lower  port  of  a  tntias  of  liquid,  and  the 
tensiou  of  the  vapour  produccMl  at  the  point  where  the  heat  Vf. 
applied,  is  greater  than  the  pressure  of  the  Htraoaphere  ou  tli*] 
Durface  of  the  liquid.  Bubbles  of  gas  then  escape  through  th*' 
superincumbent  liquid. 

Ziatenl  Aral. — This  term  wan  first  used  by  those  philosopher! 
who  held  that  heat  was  a  material  substance.  Wheu  a  liquid  iM 
cliangcd  by  heut  into  a  vapour,  a  certain  amount  of  hi 
absorbed,  chained  up,  or  made  latent,  and  conversely,  wl 
vapour  returus  to  the  liquid  slAte,  the  same  amount  of  li 
set  free.  Aocording  t«  the  dynamical  theoty  of  heat,  wl 
heat  disappear*,  or  is  mode  latent,  it  is  not  lust,  but  its  equivi 
lent  is  found  in  the  work  done  in  alteribg  the  molecular 
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tution  of  the  substance.  Thus  the  formation  of  vapour  cools 
bodies,  and  the  condensation  of  vapours  to  liquids  causes 
warmth.  The  temperature  of  the  body  is  lowered  by  evapo- 
ration from  the  skin.  The  amount  of  evaporation  being 
in  proportion  to  the  external  temperature,  its  effect  is  to  keep 
the  blood  at  or  near  a  uniform  temperature.     (See  Animal  Heat.) 

Relation  of  chemical  affinity  to  heat. — Chemical  action  being 
the  result  of  molecular  forces,  is  always  accompanied  by  the 
appearance  or  disappearance  of  heat.  A  given  amount  of 
chemical  action  produces  a  given  amount  of  heat,  and  con- 
versely, the  same  amount  of  heat  is  required  to  undo  the  chemi- 
cal action  that  has  produced  it.  Numerous  experiments  have 
been  made  to  estimate  the  amount  of  heat  produced  by  a  definite 
amount  of  chemical  action,  and  the  amount  is  always  expressed 
as  so  many  units  of  heat,  a  unit  of  heat  being  the  amount  of 
heat  required  to  raise  1  gramme  of  water  from  0°  to  1®C. 

The  following  table  gives  the  quantities  of  heat,  expressed  in 
hecU  ttnits,  evolved  in  the  combustion  of  various  substances  in 
oxygen*  :— 

Substance. 

Hydrogen, 
Carbon, 
Sulphur, 
Carbonic  acid. 
Ether,    . 
Stearic  acid. 

From  this  table  it  is  apparent,  tliat  when  substances  rich  in 
carbon  and  hydrogen  (especially  the  bitter)  unite  with  oxygen, 
a  large  amount  of  heat  is  evolved,  a  fact  which  will  be  seen  to 
be  of  great  importance  when  we  treat  of  resj)iration  and  animal 
heat. 

Condiicticiti/. — Some  bodies  conduct  heat  better  than  others. 
Surround  a  body  by  a  badly  conducting  substiince  and  it  may 
be  kept  warm  for  a  long  time.  If  we  heat  the  end  of  a  wire  in 
the  flame  of  a  spirit  lamp,  the  other  end  of  the  wire  speedily 
becomes  so  hot  that  we  cannot  hold  it,  because  the  wire  is  a 
good  conductor  of  heat.  Platinum  is  a  better  conductor  than 
iron,  iron  than  lead,  lead  tlian  marble,  and  marble  than  brick. 
Gold  is  the  best  conductor.    All  organic  substances,  such  as 

•  Foster,  Op.  CiL 


Product  and 
Formula. 

Units  of  Heat 

H.p 

33881 

CO2 

7900 

SO2 

2220 

CO2 

2403 

O4H10O 

9028 

V-'Isll.lAvJ'K 

9716 
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hair,  wool,  cottoo,  straw,  are  bad  conductor.  Our  da 
themselves  are  uut  wunu,  but  thej  prevent  our  bodies  f 
losing  heat  because  they  are  bad  conductora. 

Radiant  Iltat. — Badiant  heat  is  heat  tranamitted  from 
body  to  another,  without  altering  the  tem{>erature  of  the  ii 
veoing  medinni.  AU  bodies  at  all  temperatures  mdiate  heat 
Radiation  taken  place  in  all  tlirectioiis,  and  if  tlirough  a  bomo- 
geneoua  medium,  the  rays  pass  is  straight  lines.  If  the  rajB 
pass  from  one  medium  to  another  differing  in  density,  they  are 
re&racted  just  as  rays  of  tight  are.  Bays  of  radiant  bent  mej 
pass  through  a  vacuunL  Tlie  chief  law  governing  the  intensity 
of  radiant  heat  is  that  the  intensity  is  inveraety  as  the  square  (^ 
the  distance. 

TffndiiU'g  ruearcha  upon  /ladianl  Heat. — It  is  well  known 
that  from  a  luminous  object,  such  as  a  gas  flame,  tn'o  sets  of 
rays  jinss  out,  rays  of  light  anil  raya  of  heat.  The  heat  i-ays  are 
far  more  numerous  than  the  light  rays,  and  their  presence  may 
be  shewn  by  directing  them  to  the  blackened  surface  of  a, 
thermo-electric  pile.  Tyndsil  found  that'  certain  substance! 
allow  the  heat  raya  to  pass  through  them  while  they  absorb  the 
light  rays.  Iodine  is  opaque  to  light,  but  it  permits  heat  to 
pass  through  it.  Bodiea  capable  of  transmitting  heat 
to  have  the  property  of  dialAermane^,  bodies  which  have  the 
power  of  stopping  radiant  heat  have  tliat  of  athemtaney.  Tliere 
is  no  connection  between  diathermancy  and  transparency. 
Smoky  (luartz,  for  instance,  which  is  nearly  opaque,  transmits 
heat  well,  wliile  a  dear  crystal  of  ulum  absorhs  much  of  it. 
Tyndall  has  also  found  that  many  gases  and  vapours  absorb 
heat  Dry  air  absorbs  very  httle  heat,  but  nil-  containing 
aqueous  vapour  absorbs  a  conniderable  quantity.  Consequently, 
whenever  the  ab  is  ilry,  terrestrial  radiation  goes  on  rapidly 
and  procluces  great  cold.  Tyndall  thus  describes  the  great 
function  of  aqueous  vajteur  in  the  atmosphere*: — "Aqueous 
vapour  is  a  blanket  more  necessary  to  the  vegetable  life  of 
England  than  dothing  to  man.  Scmove,  for  a  single  summer 
night,  the  aqueous  vapour  from  the  air  whidi  overspreads  this 
country,  and  every  plant  capable  of  being  destroyed  by  a  freez- 
ing temperature  would  perish.  The  warmtli  of  our  fields  and 
gardens  would  pour  itself  unrequitted  into  space,  and  tlie  sua 
would  rise  upon  an  islaud  held  fast  in  the  irou  grip  of  frost.' 

•  Tjnaill,  oj>.  ca. 
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T.  Properties  rblatino  to  Acoustics. — Acoustics  is  the 

Mudy  of  sounds,  and,  under  the  same  term,  is  sometimes  in- 

cludud  the  study  of  the  vibratioDS  of  elastic  bodies.     Sound 

is  the  Rsult  of  the  rapid  oBcitlationa   of   tbv  purticles  of  the 

I   txt   ccnumunicaited   to   the   organ   of   heaiiug.      Each  particle 

I  moves   only   a   slight   distance   to   and   fro.   and    this  motion 

I  of  a  nambvr  of  contiguous  particles  produce  what  is  termed 

owue,  which   impinges  oq   the   ?iMmfcni«a  f^m/xtm* 

t  to  vibrate.     This  vibration  is  transmitted  to  the 

I  vipBiiBion  of  the  auditory  nerve  iu  the  inner  chambers  of 

1  impreasioD  travels  along  the  nerve  to  the  brain. 

I   Mill  uw  ktar.     No  sound  can  pass  llirough  a  vacuum.     A  bell 

1   rung  by  clockwork  or  electricity  beneath  the  receiver  of  an 

air-pump,  gives  forth  no  sound.      The  inWitUy  of  sound  is 

gnvcmed  by  certain  laws.     It  is  always  inversely  as  the  square 

of  the  distance  of  the  body  from   tlie  ear.      The  greater  the 

eztiitit  of  the  vibrations  of  llie  sonorous  bodies,  the  more 

;  is  the  sound.     If  a  long  vibrating  cord  be  made  to 

!   OKJUatc,  the  oscillations  are  perceptible  to  the  eye,  and  it  will 

observed   that  aa  the  ascillations  diminish   in  extent,   the 

I   sound  becomes  leas  intense.     The   density  of  the  medium  in 

which  a  soond  is  produoe<l  also  affects  its  intensity.    A  bell 

I    rang  in  n  heavy  goa  like  carbonic  acid  is  much  more  intense 

a  rung  in  u  light  gas  like  hydrogen.     A  sound  is 

I  more  intense  in  a  medium  at  rest  tlian  in  a  nii^lium  in  motion, 

I   and  thus  sounds  arc  beard  better  in  a  calm  than  iu  a  windy 

d*y.    Tlie  proximity  of  a  sonorona  body  intensifies  sound-     The 

vifilin  is  a  auuudiug  box,  above  which  vibrating  strings  produce 

Bonndn  much  mure  intense  than  if  caused  to  vibrate  in  free  nir. 

[   The  nnuou  of  this  is,  that  the  air  in  the  box  and  the  1m>i  itself 

I  vUnmtc  in  unison  witJi  tlit>  air. 

sound  be  confined  iu  a  tube  having  a  smooth 
intonial  sarfwe,  it  may  he  conveyiyd  to  great  distances  without 
Lunng  its  bUuisity  to  ajiy  sensible  degree.  The  speaking  tube 
•ttonsively  useil  iu  pUces  of  business,  and  the  tUthoteope,  an 
important  instrumtMit  in  the  luinda  of  the  physician,  are  illus- 
tntions  of  the  applioitiuu  of  this  fact  iu  acoustics. 

Wority  iif  miKii-l. — A  wfLve  of  sound  takes  a  Nensiblo  aniiiunt 
of  Un>u  to  ttuvel  fnjm  one  ptacv  to  auuthur.  In  ordinary  air,  at 
tlrmpiintiire  of  \fC,  the  velocity  of  sound  is  U)90feet  a  second, 
and  tt  augments  about  2  fuut  for  every  degree  ceutigrate  added 
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to  its  temperature.     Sound  travela  much  more  slowly  thaft^ 
light ;  bence  we  see  the  lightuing  flash  some  time  before  we  b 
the  thunder.     If  a.  diachitrge  uf  thunder  tukeH  place  from 
elongated  cloud,  a  pralouged  thunder  roll  is  heard,  which  is 
tensified  by  the  echoes  of  the  clouds.    Soaud  tr&vels  in  wuter, 
as  detemiined  experimentally  by  Collodou  and  Sturm 
at  a  velocity  of  about  47US  feet  in  a  second,  or  more  than  four 
times  as  rapid  as  it  travela  in  air.     Ttie  velocity  of 
wood  is  about  sixteen  times  ait  great  na  in  air. 

Echoes, — An  echo  Is  A  repetition  of  a.  sound  in  the  air,  caused'' 
by  its  reflection  from  a  solid  body.     The  laws  regulating  the  rB»J 
flection  of  sound  are  exactly  tbe  same  us  those  of  light,  And  will  btt 
referred  to  when  we  discuat  optical  jibenomena  (p.  135).    Souod' 
ia  reflected  by  solid  surfaces,  such  us  rocks,  and  walls,  and 
by  douds.     The  vibrations  of  tbe  air  are  reflected  by  the  ri 
and  depreSBicinfl  of  tlie  externiU  ear,  so  ns  to  be  directed  as  much 
as  possible   into  the  miatut.     When  sound  travels  from 
medium  of  a  certain  density  into  one  of  another  density,  it  ia 
partially  reflected,  and  in  this  way  is  weakened. 

Mtukal  fiiaulg, — Sound  may  be  either  maia'cal  or  it  may 
constitute  what  is  termed  a  nntte.  When  a  number  of 
wavee  impinge  upon  tlie  itianhrtina  lympani  at  regular  intervals 
and  aufiiciently  rapid,  u  pleasurable  sound  is  experienced,  whicfa 
we  call  a  miuieal  note.  If  tbe  waves  come  in  a  series  of  irro- 
galttr  shocks,  a  uoise  is  pTo<luced.  A  series  of  taps  produced  in 
any  way  and  with  great  rapidity,  gives  rise  to  a  musical  note. 
The  taps  of  a  card  against  the  cogs  of  a  rotating  wheel,  as  first 
shewn  by  Savart,  illustrates  this  point.*  A  series  of  pufisat  equal 
intervals,  and  rapidly  following  each  other,  results  in  a  musical 
note.  This  phenomenon  is  illustrateil  by  an  instrument  called 
the  syren,  first  made  by  Cagniard  de  la  Tour,  in  which  a  series 
of  puffs  is  produced  through  perforations  in  a  rajiidly  rotating 
didc.  When  tbe  taps  or  piiffa  follow  each  other  slowly,  a  seriea 
of  shocks  on  the  memlirana  (gmpimi  is  experienced,  and  as  thej 
increase  in  rapidity  the  pitch  of  the  sound  rises,  and  a  musical 
sound  is  produced.  The  human  ear  is  so  constituted  that  if  tbe 
vibrations  number  leas  Ihau  Miteen  a  sijcond,  we  are  eonsciovs 
only  of  shocks ;  and  if  they  e:iceed  38,000  a  second,  the  pitdt 
becomesBohighthat  the  note  cannot  be  beard.  The  range  of  the 
best  ear  covers  about  eleven  octaves,  and  the  sounds  available  in 

*  Tyudill  on  Souml.  imi. 
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mime  Are  wnipriaed  between  the  limibi  of  aeven  octaves.  The 
tuiiBculor  sound,  or  ttuurr^u,  fiiut  uliserrcd  by  Wolliistoo  in 
1809,  wliich  mny  lie  beard  eaaily  by  applying  a.  Htethoacope  over 
\  %  rigaroQHly  contracting  miiaule,  ia  produoeil,  according  to 
[  PoBongues  and  Haughtou,  by  thirty-four  vibrations  per  second, 
1  TiMiitu*  auriuia,  or  singing  in  Ibe  ettrs,  resembles  a  sound  pro- 
'   daoed  by  204H  vibrationa. 

A  miiBical  tone  Irns  three  qunlitiea,  pitcA,  iateatiti/,  and  timbre. 

Fitdi  depends  on  the  number  of  vibrations  per  second  yielded 

hf  the  body  producing  the  note.    lutenaity,  as  had  been  iJready 

[   «!:q>lutie(l,  ilepends  on  tlie  extent  of  the  vibrations  of  the  sonor- 

M  body.     Timbre  is  tliat  peculiar  quality  of  a  note  which  dis- 

1   tiagnisheii   it   wlien  eoumled   on    one   iustnuueut   than   when 

ded  on  another.    Thus,  if  the  note  C  on  the  treble  stave 

be  lOUIid^  on  a  pinuoforte  and  u  violin,  it  will  have  512  double 

Tibrations  a  iiecoDd  in  both,  but  the  quality  of  the  two  will  be 

aa  obvinne  Llmt  they  cannot  be  coufouuded. 

Phytiaii  tktory  af  muek. — Musical  notes  are  separated  from 
Mch  other  by  iutervuU,  &ud  they  henr  a  certain  relation  to  each 
r,  Siip|>oae  a  note  produeeil  by  a  certain  number  of  vibra- 
tiona,  it  will  bv  foiuid  tliat  a  note  whtcli  is  prodaced  by  double 
.  ihat  iiumber  of  vibrations  will  closely  resemble  tlie  first  one. 
\  TIm)  higher  noI«  wiU  differ  from  the  lower  only  in  pitch,  and  is 
"  to  be  the  oelaea  of  it.  The  series  of  sounds  which  connect 
»  giren  not«  with  its  octave  is  called  a  tcftlt,  and  the  notes  are 
denoted  by  the  letters  C.  D,  E,  F,  U,  A,  B.  The  scale  ia  re- 
potted liy  taking  the  octave*  of  these  notes  e,  d,  e,f,  g,  a,  b,  and 
mg»in  rti|iealed  by  another  octave  e",  d',  e',/*,  y,  a\  b',  and  so  on. 
It  hu  b«en  found  by  eiperiment  that  if  m  represent  the  num- 
ber of  vibrations  corresponding  to  C.  the  fundamental  note  of 
asjr  ocstare,  the  other  Dot«s  will  be  indicated  by  the  following 
uoiDber  of  vibrations, — 

NnaiM,  .  -  C,T),  E,  F,  G,  A,  B,  C, 
IuI«rvalB.  .  .  iHt  2d  3d  4th  5th  6th  Tth  8th 
Bates  (if  vibrations,       |»i  im  Jm  jm  \m  'f)n  2n. 

These  eight  uot^s  constitute  tlie  natural  or  dintonic  scale. 
If  we  mnlliply  the«e  ratios  by  24,  so  as  to  avoid  fractions,  we 
obbun  the  fdlowing  whole  numbers,  which  expross  the  nslative 
n4i(«  of  tlie  vibnitjons  of  the  not«s  of  the  scale, — 
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Tlie  tDtervalH,  or  raUoa  of  the  times  ol  vibrMion  of  each  note 
to  tiie  note  next  belov  it,  are  repreaenUd  aa  follows,- 
CtoD,    DtoE,    EtoF,    PtoG,   GtoA,    AtoB,    BtoC. 
J  V  K  1  V*  I  U 

Hie  intetrals  J,!,  and  J*  are  caJIetl  tonu,  and  exist  1>etwieeD  C 
uiil  D,  D  and  E,  F  and  G,G  and  A,  and  A  and  B  ;  the  Jutervid 
It  i«  what  is  termed  a  $emili/ne,  and  is  fi><md  between  E  aiid  F, 
aad  B  and  C  There  are  thus  in  the  niiltiml  scale  five  lonea 
and  two  aemitoucs.  If  C,  E,  G,  are  sounded  liigellier  on  the 
kcya  of  a  piaao,  we  have  what  ia  termed  a  major  triad.  This  is 
the  tonic  or  Grat  major  triad  When  G,  fi,  D>  are  sounded,  we 
have  the  dominant  or  second  major  triad  ;  and  when  F,  A,  C* 
are  sounded,  we  have  the  mJj-daminant  at  third  inajiir  triad. 
Tlie  number  of  vibrations  of  the  three  notes  C  E  G,  G  B  D»,  J 
luul  F  A  C  are  all  in  the  proportion  of  4,  5,  fi ;  and  a  scale  \ 
formed  in  this  way  of  major  triads  is  a  major  scale.  In 
Hemitones  fall  tietwt¥u  the  tliird  and  fourtli,  and  seventh  and 
eighth  notes.  In  what  is  called  a  minor  »ealt,  the  aemitonesare 
b«twueu  the  second  and  third,  and  seventh  and  eighth  notes, 
the  aiith  and  seventh  being  raised  a  semitone  ;  but  in  tb« 
descending  minor  scale  the  semilones  are  between  the  sixth  and  i 
fifth,  and  third  and  second.  Wheu  a  series  of  notes  are  separ  I 
tsted  only  by  semitones,  produced  by  interpolating  other  a 
we  obtain  a  ehromatie  teate.  The  nol«s  so  inteqtohtted  in  the  five 
intervals  called  tones  do  not  receive  qtecial  names,  but  are 
called  tlie  thnrji*  oaAflatt  of  the  natural  uoles  above  or  hetow 
wbidi  they  occur.  A  chromatic  scale  is  seen  in  Pkte  VIIL 
fig.  lUo. 

Harmonic*. — When  one  of  the  keys  of  a  musical  inslrument,  I 
■nch  as  a  piano,  is  touched,  the  not«  eorrespondiug  to  that  key  T 
is  uot  tlie  ouly  note  sounded,  but  a  series  of  other  notes,  each  «if  j 
less  intensity  than  tlie  one  preceding  it,  are  also  produced,  v 
blend  with  the  primary  note  so  as  to  give  the  mind  th*  I 
sensation  of  one  Aouud.  Helmlioltz  calls  the  first  uot«  the  1 
jRrimojy  ((wi«,  and  the  other  nol«s  the  Aartnoiite*  vf  tht  primary  A 
lont ;  and  he  has  shewn  that  the  timbre  of  a  note  produced  tax  A 
different  instruments  dejienda  on  the  different  intensities  at  I 
the  harmonics  wliich  ac<.'oui))auy  tlie  primary  tone  of  the  sound.  1 
Tilt'  pleasure  eitp«rieiiced  on  sounding  two  notes,  sudi  os  C  and  \ 
ils  oudtve,  depends  on  the  haimonic  Dot«s  ihut  accompany  thfi  1 
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prinuuy  note.  These  souuds  which  please  the  seuse  of  tiearing 
nben  placed  together  are  trailed  confordi,  and  those  tvhich  do 
not,  at*  c&Ued  dUcordi.  Two  noteH,  differing  from  eucli  other 
by  nil  octave,  pLijed  together,  produce  a  more  agretable  siiund 
ihao  xay  other  two  notes.  The  firat  luid  fifth  notes  nJso  produce 
Ml  agreeable  sound. 

Compau  of  Iht  Human  Voiet,-^Tl\6  eomiwwa  of  the  voice 
Tsries  in  indivjiluala.  In  Plate  Vlll.  fig.  10.  is'S  scnle  of  the 
bunun  voice,  shewing  the  mean  i-umpuss  of  its  different  varieties 
u(  AoM,  Itnor,  tdto,  and  laiHitita.  Tlie  male  bass  voice  be^iua  at 
the  first  F  and  extends  to  F3.  The  tenor  begins  at  Cl  and  extends 
lo  C*.  The  voit'es  of  wc)nien,  hoya,  and  eunuchs  begin  at  Fa  for 
mho,  and  usually  reach  aa  high  as  F*.  The  soprano,  usurdly  sung 
by  women,  begins  at  C2  and  exteotis  as  high  as  C^.  What  are 
temed  bari/lant  voices  are  intermediate  t>etween  baas  and 
tduir,  begin  at  A  and  extend  to  Fl.  The  maso-tnprano  is  iu- 
temediate  between  alto  and  soprano.  The  lowest  note  of  the 
bHnsJe  voice  is,  therefore,  an  octave  higher  than  tbe  lowest  of 
tb*  male  voice  ;  and  the  highest  note  of  the  female  voice  about 
■n  ocUtTV  higher  than  the  highest  of  the  mule.  The  compass  of 
llie  nule  and  female  voice*  together  include  four  octaves. 

ribnttion*  of  Strinff*. — When  a  string  is  stretched  from  one 
point  to  another  nud  caused  to  vibrate,  the  number  of  vibrations 
is  slwayB  inversely  as  the  length  of  the  string  ;  and  the  mnaical 
note  produced  varies  atcoi'ding  to  the  numl>er  of  vibrations. 
But  the  note  ia  not  a  simple  one,  for  it  is  mode  up  of  the  primary 
ttate  nt  the  string  proiluced  by  the  primary  vibrations,  and  of  a 
Mvita  of  pnrtinl  secondary  vibrations  which  produce  the  har- 
munio  (if  the  primary  note. 

Vibralioiu  nf  Jlodt. — Rods  of  wood,  of  glaaa,  and  of  steel, 
being  very  elastic,  reailily  vibrate  ;  and  the  law  regulating 
tbMe  vibrations  is  that  tlie  number  of  vibrations  niadeinagiven 
ttma  by  the  rods  ia  directly  as  their  thickneas,  and  inversely 
M  the  square  of  their  length.  The  common  tuning  fork  is  au 
eiatD]ile  of  vibrations  of  thia  kind.  It  ia  chiefly  by  the  vibra- 
tiotw  produced  in  tlie  malUut,  intnu,  and  itapa,  the  small  bones 
tA  1h»  tifrnpan'mi,  that  aound  ia  conveyed  to  the  inner  ear. 

YibratutiJi  of  Ueniiirnnu. — Membranes  vibrate  if  they  are 
atnitdte)!,  like  the  akin  uf  a  drum.  Tbey  vibrate  either  by 
lUract  pMCUKsiuii,  as  in  the  drum,  or  they  may  be  set  in  vibration 
by  Uw  vibmtions  uf  the  aJr,  fts  is  the  case  in  the  vibrations  of 
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the  membrana  tympaiti.     Tlie  Boimd  of  vibmting  mewbranea 
acute  in  proportioo  aa  they  are   smnJler,   thinner,   and   more 
tightly  stretched,  circumatauoea  which  alter  tlie  Ume  of  the 
cardiac  souudw. 


8.  Properties  relating  to  Omca.— Light,  by  ita  action  on 
the  retina,  makes  iia  acqiiaiut«d  with  the  existence  uf  l)odiea. 
It  is  also  a  moHt  important  agent  in  working  chemical  clianges. 

Theoria  of  Light.  —  Two  tlieorie«  have  been  entertained  r 
1,  The  emimion  throry,  which  supposes  light  to  couBist  of  minute 
partidea  emitted  from  luminous  bodies.  The  greatest  exponent 
of  this  theory  was  Newton.  But  us  the  knowledge  of  optical 
phenomena  adviuic^ed,  many  facts  were  discovered  which  coold 
not  be  accounted  for  by  the  einis«ioD  theory,  and  it  hiut  accord- 
ingly giveu  phice  to — 2.  Tht  umlTdatory  ihtory,  wliich  suppoaea 
that  objectji  are  made  visible  by  the  vibistions  of  Inminoua 
bodies  in  an  elastic  medium,  termed  tht  ttlier,  which  pervadee  all 
8[Mice.  This  theory  is  the  one  now  generally  held  by  natural  philo- 
sophers.    The  velodty  of  hght  is  about  196,0011  miles  |jer  aeconil. 

When  a  body  emits  light,  such  as  a  gas  flame,  it  ia  said  to  be 
lummmin.  When  a  body  transmits  light  so  that  objects  can  be 
seen  through  it,  like  glass,  or  wut«r,  or  the  cornea,  it  is  traiu- 
parati  or  diapkaRost.  What  is  termed  a  trantlmvnt  body, 
transmits  light,  but  objects  cannot  be  seen  through  it.  Ground 
glass  or  a  cornea,  rendered  luwy  by  inflammation,  are  examples 
of  tranduixney.    A  body  is  opr^iMwhen  it  doesnot  transmit  light. 

Propagation  of  Lit/Zu.^la  a  homogenous  medium,  light  pusses 
on  in  a  perfectly  straight  litie.  If,  in  its  course,  it  meets  with  a 
different  medium,  it  is  bent  or  refrafltd ;  if  it  impinges  on  a 
body  it  cannot  penetrate,  it  ghuices  off  it,  or  is  rtjlectfd.  Rays  of 
light  may  uitber  nm  paiiillel  to  each  other,  or  they  may  separate 
or  diverge  from  each  otlier,  or  they  may  converge  so  as  to  meet 
at  one  point,  termed  tlie/otfw. 

Rejection  if  Light. — When  a  luminous  ray  impinges  upon  * 
polished  surface,  it  is  reflected  from  it  LetE 
I  n>  be  a  plane  reflecting  surface,  C  D,  tlie  my ' 
of  light  falling  ou  it,  termed  tlie  incident  ray, 
A  D,  a  line  drawn  perpendicular  to  the  sur- 
face, and  D  E  the  reflected  ray.  The  angle 
C  D  A,  is  called  the  angle  of  incidence,  and 
the  angle  A  D  E,  the  angle  of  reflection.   The  -j- 
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■ngle  of  reBection  la  always  equal  to  the  angle  of  mcidenoe,  and 
the  tndileut  Attd  rellecteJ  rays  are  both  in  tlie  same  plane,  which 
ia  porpendicular  to  the  reflecting  surfiiee.  A  ceiijun  amount  of 
light  is,  however,  lost,  as  the  quantity  in  the  reflected  ray  is  lesH 
than  in  the  incident  ray.  The  phenomena  of  redaction  are  seen 
in  mirrors.  Mirror*  may  be  either  plane,  convex,  concave, 
■fiheritul,  &c  In  a  fiaitt  mirror,  like  what  is  in  ordinary  use, 
tlw  image  ia  formed  behind  the  min-or  at  a  distance  equiU  to 
that  of  the  reflected  body  from  the  mirror  ;  and  in  such  a.  mirror 
the  image  ia  of  tiie  aome  size  a«  the  nbjet.'t  (Plate  VIII.  tig.  20), 
When  tM  object  is  placed  Ijefore  a  roaeaBt  mirror,  the  image  ia 
invwteii,  aud  is  formed  in  front  of  the  mirror,  in  its  focus,  or  point 
towhicbthe  reflected  rays cou  verge  ;  and  the  imngieismiichamiiller 
than  lh«  object,  the  sixe  boiug  inversely  in  proportiuu  tu  the  coo- 
txnt;  at  the  mirror  (PI.  VIII.  fig.  £2).  The  iniiige  produced  by  a 
«0iuwr  muTor  is  behind  the  mirror,  and  is  always  erect  (PUte 
VIII.  fig.  21).  The  size  of  the  image  i»  to  the  size  of  the 
objvct,  ai  the  distance  of  the  image  from  the  centre  of  the  mirror 
w  to  the  diatiuice  of  the  objei^t.  In  ap|iroac)iiug  tJie  mirror,  the 
image  and  object  approach  to  equality  in  size.  These  various 
plienomena  may  be  readily  seen  in  the  human  eye.  The  anterior 
rarface  of  the  cornea,  and  the  anterior  surface  of  the  crystalline 
loua,  are  both  convex  mirrors,  and  the  concavity  in  the  vitreous 
hnmour,  corresponding  to  tJie  ;>oelerior  surface  of  the  lens, 
or  tlie  posterior  surface  of  the  lena  itself,  acts  as  a  crjncave 
Btirror.  Consequently,  on  holding  a  candle  before  the  eye,  we 
•ec  three  reflections  :  let,  an  erect  image,  produced  by  the  ante- 
rior KUtface  of  the  comcH,  that  moves  upward  when  the  candle 
.  ia  moved  upwards  ;  2d,  an  erect  and  smaller  image,  produced  by 
the  anteriur  surface  of  the  crystalline  hue,  which  also  moves  up- 
wordv  when  the  candle  is  moved  upwardii  ;  and  3d,  a  small 
Kud  inverted  image,  proiluced  by  the  [)osterior  surface  of  the 
laoa,  or  the  anterior  surface  of  tlie  vitreous  humour,  that  moves 
downirardii  when  the  caudle  is  moved  upwards.  A  knowledge 
of  tliawi  facta,  first  described  by  Cramer,  enabled  HelmliolUs,  by 
nwiw  ut  the  c/Al/iO/HunaeUr,  to  settle  the  question  of  the  accom- 
nuidatiifn  of  the  eye  to  distance.     (See  Siglit.) 

Mefractum  uf  Light.— 'V^^txa.  one  half  of  a  straight  stick  ie 
tmnussod  iu  water,  it  will  appear  crooked  or  lit-nt  into  an  anglr 
tX  the  jwint  where  il  enters  the  water.     If  it  wure  immersed  iu 
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iilcoLnl,  Uie  bend  would  be  gveoter  than  in  tlie 

Let  A  B  represent  the  HurfaL*  of 

the   refracting   medium,    sucli   as 

water,  and   E  O   a  ray   of   light 

paaaing  from  a  rarer  medium,  such 

aa  the  air,  throu^   it ;   E  G  will 

be  beat  at  F  towards  the  line  C  D, 

perpendicular  to  the  surfai.'e  of  the 

liquid.  The  angle  B  F  C  is  tenoeil 

the   angle  of  hifidenee,  the  angle 

D  F  G,  the  angU  of  refraetioa.     If 

C  D  bad  represented  a  raj  of  light, 

it  would  iiave  passed  straight  on 

without   refraction,  because   it  ia 

perpendicular  to  the  surfni^,  but  when  a  ray  passes  into  the    j 

fluid  at  an  angle,  it  will  always  lie  refracted  or  beut  ttiwarda  C  D. 

When  the  ray  paasea  out  of  a  rare  into  a  dense  medium,  as  from  . 

air  to  water,  the  angle  of  incidence  is  greater  than  the  angle  of   1 

refroctbn  ;  and  when  the  ray  passes  out  of  a  dejise  into  a  rsre  \ 

medium,  as  out  of  wat«r  into  air,  the  angle  of  incidence  in 

than  the  angle  of  refraction.     Now  draw  the  hues,  a  b  oni. 

The  first,  a  6,  is  the  line  of  the  angle  of  incidence,  the  other,  e  d,    I 

the  tint  of  the  angle  of  refracti<m  ;  and  the  refracting  power  of  \ 

different  bodies  is  indicated  by  the  ratio  these  two  sines  bear  to 

each  other,  this  ratio  i«ing  termed  the  indtr  of  refractioa. 

The  tollnwing  table  shews  that  bodies  vary  in  their  power 
refracting  light,  when  it  i)asBeB  from  one  medium  to  the  other :—  \ 

*njcleo( 


AnBtou<R.>rnu.ii(.n 

Water, 

1.3:!(iia  to  1 

Ether. 

1.05-  U  to  1 

Alum, 

1.4:.7  is  to  1 

Crown  gkffl, 

1.534  is  to  I 

Plate  glass,    . 

1.542  is  to  1 

Canada  balsam. 

1.549  is  to  I 

Buby, 

1,779  ia  to  I 

Diamond, 

2.439  is  to  I 

Cornea, 

1.330  is  to  I 

Ltnta. — A  lens  is  a  transparent  medium  which,  from  the  ' 
degree  and  kind  of  curvature  of  it«  surfaces,  hu  the  property  of 
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CAiuing  liiminona  rays  to  converge  or  Ut  diverge.  Tixaj  may  be 
of  six  kinda  ;  1.  double  convex  (PI.  VIII.  fig.  23,  1) ;  2.  pkno- 
conrex  (Fig.  £3,  S)  ;  3.  cunvergiu^^  coucavo-convei  (Fig.  23,  3)  ; 
4.  double  ctmcave  (Fig.  23,  1') ;  5.  pliuio-c<,ncave  (Fig.  23,  2') ; 
and  6.  diverging  concavo-convei  (Fig.  23,  3'). 

Spfurieal  aberration. — The  rays  refmcted  by  the  niargiuB  of 
the  lens  are  more  refracted  tlian  thow;  nearer  the  centre,  and 
eonaequeutly  the  former  come  to  a.  focus  at  a  point  nearer  the  lena 
Uuui  the  Utt«r.  This  phenomenon  ie  termed  the  spherical  aber- 
nttion  of  the  lens,  and  (18  it  produces  ou  iudifltisct  image,  it  is 
always  correctwl  in  perfuct  iipticaj  inatniments.  How  this  is 
done  in  the  cnae  of  the  compound  microscope  will  be  explained 
in  the  third  |iart  of  this  work.    (See  Practical  Histology.) 

tbe/oeut  of  a  lens  in  tlie  jwiut  where  the  refracted  rays  or 
their  prolongatlouA  nie^t. 

/nOjTM  are  formed  by  lenses  iii  the  same  manner  an  they  are 
fonued  by  mirrora.  When  tin  image  is  formed  by  a  convex  lens, 
it  is  inverted  in  position  relatively  to  the  pwition  of  the  object, 
tbd  the  size  of  the  image  is  to  th&t  of  the  size  of  the  object  as  its 
diiteace  from  the  lena  is  to  the  distMice  of  the  object  from  the 
1mm.  The  cryslalline  Iciia  is  a  tens  of  this  kind,  and  the  radii  of 
itaoirvatuniH  are  such  that  it  bringH  Itteraya  of  light  emitted  from 
•  luminous  bo<ly  placed  before  the  eye  to  a  focus  upon  the  retinn. 

hUifrrtnet  of  rant  o/  iijA/.— When  two  rays  of  light,  proceed- 
ing frvni  two  nuliaut  jwints  plac«d  very  close  together,  meet  one 
aootlier  la  snch  n  maiiuer  iis  to  counteract  or  modify  each  other's 
action,  iiUfrferrncr  is  produced.  Light,  according  to  the  hypo- 
thcms  generally  accepted,  coosistti  of  undulations  or  waves  in 
tbo  tntDlniferoiia  ether.  It  is  quite  evident  that  two  waves  may 
meet  in  sucli  a  way  as  the  one  will  entirely  destroy  the  action 
of  the  other.  When  thia  is  the  uaae,  there  is  darkness  by  com- 
pl*U  i^trfrrentt. 

Difraetian. — Wlieu  light  passes  by  the  edge  of  an  opaque 
tindy,  «r  throngh  a  snull  opening,  a,  number  of  alternate  bright 
and  dork  bands  or  coloured  fringea  is  seen  arnund  it.  This  is 
Ibe  rwult  of  diffnidiou,  a  modifitiation  of  the  luminous  rays  in 
tirtue  of  whidi  they  become  lient  or  inflected  round  the  edge  of 
IJm  opaque  body,  just  as  a  wave  of  wal«r  will  turn  the  angle  of  a 
trail  or  spread  itself  tlirougb  a  narrow  opening.*     DilTraction 

y  bcr  seen  in  the  fringes  produced  by  rays  {ukssing  along 
•  KaB>«,  Artleia  "  Dgbl."  Witt'i  IHct.  ut  Cbem.,  vul  tlL  |i.  OUL 
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the  edge  of  a  screeD,  or  tbe  eilge  of  a.  mii-i-or,  or  at  the  dde 
of  narrow  rectangular  openings. 

liUptfmm  of  light — When  a  naiTow  beam  of  sunlight  w 
passed  through  n  glass  prlgni  and  received  upon  a 
image  called  a  tptclnim  ia  prcKJucti'l,  shewing  a  Beriea  of  coloon 
in  tlie  following  order :  I'eJ,  orange,  yellow,  green,  blue, 
indigo,  violet.  The  arrangement  is  seen  in  Ft.  VIIL  £g.  S6. 
Let  a  pencil  of  rays,  S,  be  iidntitted  into  a  dark  room  through  the 
hole  H  in  tbe  shutter  £  F,  it  would  be  carried  in  the  direction 
of  the  dotted  lines,  and  appear  aa  a  white  spot  of  light  on  the 
wall.  But  if  the  prism  A  B  C  be  placed  before  the  hole,  the 
rays  uf  Uglit  will  be  refracted  so  as  to  produce  the  prismatic 
spectrum  M  N.  The  red  rays  are  leas  refracted  than  the  oninge, 
the  orange  than  tlie  yellow,  tbe  yellow  than  the  green,  the  green 
than  the  blue,  the  blue  than  the  iudigo,  and  the  indigo  than  tbe 
violet  Tliis  grand  discovery  was  mude  by  Sir  laiuu:  Newton, 
and  was  stated  by  him  as  follows ; — Solar  light  may  be  sepa- 
rated into  a  number  of  rays  of  liifl'erent  colours.  To  each 
colour  tliere  corresjwDds  a  ilefinite  degree  of  refranffibililj/,  or 
degree  of  refraction  ;  the  red  rays  being  the  leaat,  the  violet 
rays  the  moat  refrangible,  luid  the  intermediate  colours 
creasing  regularly  iu  refnuigibility  from  the  red  to  the  violeL, 
When  these  colouta  ore  reunited,  a  beam  of  white  light  is  pto^' 
duced. 

Fratailu^a't  linen. — In  1802,  WoUaston,  by  viewing  through 
a  prism  a  ray  of  light  admitted  through  a  narrow  opening 
shutter,  discoventd  a  number  of  tine  dark  lines  parallel  to  the 
edge  of  the  priatn,  or  to  the  boundary  lines  of  the  several  coloura ; 
and  in  1807,  Fraimhofer  of  Munich,  without  being  acquainted 
with  Wollaston's  uLservationa.  made  the  same  discovery  in  A 
sfiuFtrum  formed  by  a  telescope.  These  lines,  usually  called 
Fraunhufer't  lints,  ai'e  moetly  pei'fectly  black.  They  are  irregu- 
larly distributed  through  the  spectnim.  Eight  of  the  moat, 
distinct  of  them  are  denoted  by  the  tiist  eight  letters  of  the 
alphabet,  beginning  from  the  red  of  the  spectrum.  Kirchofl 
has  observed  21100  lines,  und  has  laid  down  a  very  eIaborat»i 
uup  of  the  solar  speetmm. 

Kirchofif  has  advanced  an  ingenious  theoi;  to  account  fori 
tliests  lines.    Wheu  sodium  is  ignited,  a  s|)ectrum  ia  produced' 
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in  irliiGti  two  bright  bands  correapoad  with  the  double  luie 
O  of  the  aolar  spectrum  ;  and  if  through  a  flame,  tKiUinred 
by  KHlmm,  rajs  from  iin  oiyhydrogen  hnie  liglit,  or  from  an 
electrio  light,  be  projected,  the  coutinuous  spectrum  produced  by 
either  of  these  sources  of  light  is  iuterruptcd  by  a  btitck  line 
coinuiiUug  with  the  solar  line  D.  In  like  manner,  the  spectra  of 
potaasiuni,  uippcr,  &c.,  may  be  represented  by  dark  liues,  or  be, 
to  use  the  phraseology  of  Borchoff,  reverted.  On  these  facts 
KirchoST  founds  wi  explanation  of  the  lines.  He  Hupposes  the 
huninous  BtmoHphere  of  the  sun  cuutaius  the  vapours  of  various 
BIVMJh,  which  vapours  absorb  some  of  the  raya  iif  light  proceed- 
ing from  Uie  intensely  lieated  liijtiid  nucleus  of  the  sun,  so  that 
the  liued  are  only  the  reversed  bright  lines  which  would  be 
rinibte  if  the  nucleus  did  not  emit  rays  of  light.  Practically, 
these  facts  have  introduced  a  new  era  into  chemical  investiga- 
tiiui.  By  means  of  what  is  termed  tptttrum  a/ialytig,  even  new 
■detuenU  have  been  discovered,  and  the  extensive  distribution 
of  many  elements  has  been  recognised.  It  has  also  been  applied 
(0  pLysinIo)^uul  rvsearch.  The  hydrochloric  acid  solntiou  of 
Um  uh  of  human  tiasne  gives  a  sipectrum,  shewing  the  presence 
of  potAsmuin,  sodium,  lithium,  rubidium,  csesium,  and  calcium. 
^Wipectraiphenomenaof  the  blood  have  already  been  described 
(p.  3S).     Bile  and  urine  also  give  tpectra,  hut  not  very  charac- 

Flitof«Ktnce. — If  we  fill  a  clear  glass  bottle  with  a  solution  of 
Mlphat«  of  iiuiuine,  and  cnrefully  eiamiue  it,  we  sluJl  liud 
th»t  when  looked  at  by  transmitted  tight,  it  is  colourloM,  but 
when  viewed  in  reflected  light  it  preseuU  a  bluish  colour. 
Thk  is  due  lia  fluorescence,  a  phenomenon  flrst  explained  by 
Prufeaoor  Stokes.*  Be  found  that  light  separates  itself  into 
Umc  seta  of  rays  :  heat  rays,  colour  rays,  and  a  third  set  of 
mys  whicJi  were  usually  invisible  to  the  humrin  eye.  These 
nyii  are  of  &  |>rculiar  bluish  colour,  and  come  fntm  the  part  of 
the  MpKtrum  a  little  lieyoud  the  extreme  violet  (Plate  V7TL 
fi^  26),  These  blue  rays  are  runmrkable  for  their  very  power- 
ful iihonicul  action,  and  immediately  affect  chloride  of  silver 
and  other  photographic  pnpariktionH.  and  they  are  rendered 
riahle  by  a  solution  of  sulphate  of  quinine,  because  the  atoms 
of  this  fluid  are  transformed  by  tliem  into  self-lighting  botlies, 
*o  thai  wlieii  plaiAfd  in  these  rays  tliey  emit  a  peculiar  bluislt 

*  Sbikn,  no.  Ttam.  ISSt    Jwnol  Chfni.  Sac  UM. 
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light  An  alcoholic  aolution  of  chlorophyll,  in  this  way,  pro* 
ilucea  a  red  light,  tiocture  of  turmeric  a  greenish,  a  dccoctiou  of 
madder  mixed  with  hIuiii  a  yellow,  and  bo  on.  Dr  Thudicuin 
has  applied  to  phyiiiological  chemistry  the  method  of  obtainiog 
fluoresceiice  recommended  by  Professor  Stokes,  and  by  its  aid 
ha»  been  able  "  to  identify  mauy  substances,  and  to  discover  at 
least  five  new  bodies."* 

Chromatic  abrrraCion. — A  lens  may  bo  supposed  to  be  a  com- 
bination of  two  prisms.  Ooosequently,  light  poasiug  tlirougb  it 
is  decomposed,  and  as  the  red  rays  are  leas  refrangible  than  the 
violet,  they  ore  brought  to  a  focus  farther  from  the  lens  than 
the  violet  rays.  In  like  maimer,  each  colour  of  the  spectrum 
lias  ita  owu  focus,  fuid  thus,  when  an  object  is  examined  by 
such  a,  lens,  a  fringe  of  colour  is  seen  around  it.  By  combining 
lenses  of  substitnces  having  different  dispersive  powers,  and  bo 
nmuiged  that  the  disperaive  power  of  the  one  substance  u 
counteracted  by  that  of  the  other,  the  images  of  objects  viewed 
through  such  lenses  do  sot  appear  coloured.  When  light  ut ' 
thus  refracted  witliout  decomposition,  wliat  is  termed  aehromai- 
titm  is  produced,  and  the  lena  is  an  aehromatic  Um.  The  lensor 
of  the  human  eye  produce  on  achromatic  combination. 

Cotoars  of  thin  plalu. — Thin  films,  or  laminie  of  all  traaa- 
jiareint  Bubstances,  appear  coloured  with  very  bright  tints,  es- 
pecially by  reflection.  A  drop  of  oil  spread  over  the  surface  of' 
water  shews  all  the  colours  of  the  spectrum.  The  thin  film  Ot 
a.  soap  bublile  exhibits  brilliant  irrideHcent  colours,  especially  tX 
its  lliinnest  part.  When  8  thin  layer  of  air  is  pressed  betweea 
two  parallel  surfaces  of  glass  in  strong  daylight,  there  is  seen  at 
the  point  of  contJict  a  bkck  spot  surrounded  by  six  or  seven 
coloured  rings.  Tliese  are  known  as  A'ewton's  riagi.  All  these 
phenomena  are  produced  by  the  interference  of  light,  which  hM 
been  already  describerL 

Colour  v/^fibret  and  grooBfd  lurfopea. — It  has  been  long  known 
that  mother  of  pcArl,  the  scales  of  many  butterflies,  the  wing- 
cases  of  beetles,  the  feathere  of  birds,  the  scales  of  tishes.  and 
some  hairs,  such  as  those  of  the  annelid  called  the  Aphroditt  Cff 
sea  mouse,  shew  beautiful  irridescent  colours  when  viewed 
by  mflected  light.  This  appearance  is  due  U)  the  existence  of 
minute  grooves  upon  the  surface  of  these  bodies.    Sir  David 
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Brewster,*  who  investigated  this  subject  in  1833,  allowed 
melted  wax,  gum  arabic,  or  isinglass,  to  indurate  upon  a  surface 
of  mother  of  pearl,  and  found  that  the  surface  of  the  mould  or 
cast  shewed  the  irridescent  colours  of  the  mother  of  pearl. 
These  were  produced  by  an  exact  impression  haviug  been  made 
on  the  wax,  or  other  substance,  of  the  grooves  on  the  mother  of 
pearl,  the  number  of  which  is  so  great  as  3000  in  an  inch. 
When  plates  of  steel,  gold,  silver,  lead,  tin  are  covered  with 
fine  grooves,  they  shew  the  same  phenomena.  The  presence  of 
oil  upon  the  grooved  surface  increases  the  nimiber  and  distinct- 
ness of  the  colours.  The  same  phenomenon  is  also  seen  on 
fragments  of  glass  which  have  been  long  exposed  to  the  corroding 
action  of  the  air  or  earth.  These  colours  are  due  to  reflection. 
Experimenting  with  plates  of  steel  artificially  grooved,  Sir  David 
Brewster  found  the  following  results  : — 


No.  of  grooves  in 
square  inch. 

Tint  produced. 

312 

White. 

1000 

Yellowish  green. 

2500 

Blue. 

3333 

Gamboge  yellow. 

10000 

Fine  blue. 

Colours. — Colours  are  simple  or  comjx>und.  Simple  colours  are 
thoiie  of  a  pure  spectrum  ;  comi)ound  colours  are  produced  by 
the  mixture  of  two  or  more  of  the  simple  or  primary  colours.  It 
was  once  held  that  there  were  three  primary  colours,  red,  blue,  and 
yellow ;  and  that  all  the  other  colours  of  the  8{>ectrum  could  be 
produced  by  combinations  of  these.  Helmholtz  t  has,  however, 
shewn  that  at  least  five  are  necessary,  red,  yellow,  green,  blue, 
and  violet  Every  colour  ha^  a  complementary  colour,  or  rather 
a  number  of  complementary  coloura,  by  uniting  with  which  it 
produces  white  light. 

Polarisation  of  Light. — When  a  ray  of  light  falls  upon  the 
surface  of  most  tniiisparent  bodies,  such  as  water,  glass,  and 
certain  crystals,  it  is  refracted  according  to  the  law  of  sines 
(see  p.  136)  already  explained.  But  many  bodies,  such  iis  hair, 
horn,  shells,  resins,  gimis,  jellies,  &c.,  refract  the  ray  of  light,  so 
as  to  divide  it  into  two  different  rays,  more  or  less  inclined  to 

•  Sir  David  Brewster,  Optics.  Op.  CiL 
t  Helmholtz,  Ann.  C%tm.  Fhyt.  (3)  xxxvi 
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nne  auotlier.    The  separation  of  the  two  rajB  is  sometimee  ■very  1 
great.     Thia  phenomenon  is  tenaed  doui^  refraalioa,  ftnd  the   I 
Ixidy  produciug  it  is  a.  dnaUy  r^racting  body.     A  rhomb  of  1 
transparent,  coloiirleaa,  Iceloud  spar,  is  admirably  fitted  for  i 
shewing  double  refraction.    This  will  be  readily  understood  by  I 
studying  Fig.  24  in  Plate  VIII.     I«t  A  X  he  a  prism  of  Icelaud  j 
spar,  restuig  on  a  sheet  of  white  paper,  having  a  black  line  M  It" 
djftwn  upon  it.    I!  we  now  look  in  the  direction  of  R  r,  we  so 
that  the  line  M  N   is  double,  two  lines,  M  N,  «  n,  being  di»-  1 
tinctly  visible.     On  turning  the  crystal  round,  atill  mail 
the  same  face  on  tbe  paper,  we  see  that  in  one  position  anly,tiiB 
two  lines  coincide  with  each  other.    This  one  direction,  in 
which  the  diviaion  of  the  ray  does  not  take  place,  a  direction 
parallel  to  the  line  which  counecU  the  two  obtuse  angles  of  the 
crystal  A  X,  \»  called  the  optic  axu.     These  phenome 
accounted  tor  by  the  fact,  that  the  ray  of  light  B  r,  is  refracted  | 
by  tlie  action  of  the  anrfitce  into  two  pencila,  r  O,  r  £,  each  <tf  J 
which  being  again  refracted  by  the  under  surface  of  tlie  rhomb,,,! 
at  the  points  E  O,  will  move  in  the  direction   E  e,  0  o.     Th«  I 
line  r  O,  is  called  the  ordirian/  ray,  the  index  of  the  refraction  fl 
being  1.654;  the  line  r   £,   the  extrmirdinari/  ray,  the  index  I 
of  refraction    1.483,   being   less    than   that    of    the    ordiuaiT'l 
ray.      These   rays  are  not  only  equal   in  intensity,  but  th«!rl 
possess  other  properties,  which  are  expressed  by  saying,  thqrl 
are  polariifd..     They  are  called  ray*  of  pdnrued  light.,  becauM^ 
they   have  sides  or   poles  of  diiferent  properties,   and   plane*  1 
passing   through    them,    are     called    planes    of   polaritatio 
The  properties  of  a  polarised  ray  all  relate  to  changes  of  i 
tensity  or  modifications  of   colour.     Light   mny  be   {wlarianl  I 
in  the  following  ways  :— 1.  By  reflection  from  the  surface  of  ft  1 
transparent  medium,  such  as  a  plate  of  gbas.     %  By  ordinary  I 
refraction.    .3.  By  double  refraction.    When  light  is  polarised  J 
by  this  latter  method,  both  the  ordinary  and  extraordinary  ra 
are  polarised  ;  and  it  is  often  convenient  to  throw  one 
of  these  rays  completely  out  of  view.     This  may  be  dor 
by  Ttflectiun  or  by  abmrptioa.     The  apparatus  nsed  for  thro 
ingout  llie  ray  by  reflection,  is  Halted  a,  NichoVt  pritm  (PI.  TUL  \ 
fig.  S6),  which  consists  of  two  similar  prisms  of  Iceland  spar,  i 
cut  in  u  particular  manner,  and  cemented  together  with  Cnnadk-g 
balsam.     A  rny  of  polarised   light  may  also  be  absorbed  \ 
means  of  a  plate  uf  tourmaline,  cut  ao  as  to  allow  the  extn 
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1  ofdiajuy  ray  to  pass  tlirougli  polariued,  while  the  ordiimry  ray 
u  completely  absorbed. 

When  a  ray  of  polaKsed  light  is  tranamitteil  through  plates 
of  donbly  r«fnu.-tiug  bodies,  ])riiliaut  colours  tir«  ubserved. 
Oertaio  aubsCaucea  have  also  the  povrar  of  rotating  the  plane  of 
vilintiouB  of  a  pularised  ray  of  light,  ao  n»  to  produce  very 
beaatiful  effects.  SometimeB  the  plane  of  pokriMtion  revolves 
b>om  left  to  right  (like  tlie  hands  of  »  cloak),  in  others,  from 
right  to  left.  Among  organic  substnncea  which  rotate  the 
plane  of  polarization  to  the  right,  may  be  meDtioned,  caike 
ar,  glacoee,  diabetic  aiigar,  milk  sugar,  quinidine,  narcutiit, 

:    eroton   oil,   &£. ;    and   to   the   left,  starch,   aJbiimiu,   quinine, 

I  strjrchitiDe,  morphine,  &c.,  &c.  This  kind  of  polarisation  ia 
MUed  rela^r^  polttritatwn. 

Cktmical  action  of  Light. — Many  subatancea  undergo  chemical 
tiiftligw  when  exposed  either  to  the  light  of  the  aim  or  tn 
KrtifieiAl  light ;  the  changes  thus  elTected,  ure  «uid  tu  be  chemical 
action  induced  by  light  An  instance  of  thia  is  seen  in  the 
mnarkithle  [lower  plants  possess  of  decomjiming,  by  the  aid  of 
•mt  light,  carbonic  scid  gns  into  its  constituent  elemeuta, 
esHlMa  and  oxygen.  It  bus  hvcu  found,  that  the  violet  or  must 
nfnuigjble  rays,  and  those  mya  beyond  the  violet,  on  which 
depend  the  pheiuimena  of  fluorescence,  possess  this  power  t«  a 

I  gfeator  degree  than  the  red  rays,  which  are  hcAt-giving  raya. 
TAtary  nf  th<  rdatian.  httieaa  heat  and  lii/ht. — Tliia  theory 
uppoaia  that  the  partit'lea  of  all  bodies  are  in  a  stale  of  coii- 
ituit  motion,  and  the  intensity  anil  rajiidity  uf  this  motion  jiru- 
dooea  in  the  etheriaJ  medium  surrouuding  them  more  or  less 
tqnd  undulations  which  aOect  our  senses.    In  proportion  to 

.    Uw  rapidity  and  intensity  of  these  undulations,  our  miuds  ezpe- 

I  ricBoetheMUSKtion  of  beat  alone,  or  of  heat  accompanied  by  light. 
Wlicn  a  bddy  is  heated,  moleciilar  movements  occur,  and  it  first 
gives  oirt  hc«t  without  light ;  at  a  certain  temperatui-e,  the 
vi1)rations  are  ao  rapid  as  to  produce  in  our  miuda,  through  our 
mfpus  of  vinoo,  the  sensation  of  red  light  ;  and  at  atill  higlier 
t«n){ieratur«s,  llie  vibrations  are  still  more  rapid,  and  we  have 
Uui  Bensstious  of  yellow  imd  bint:  light.  These  sensations  of 
rad.  yellow,  and  blue  light  we  unite  HyutbeticoUy  by  an  uncon- 

:    adon*  pnmsa,  and  the  aensatiou  of  white  light  is  the  result. 

J'hupMiirfiKrnce.^Viheu  thu  piirtiplea  of  a  body  vibrato  so 

I    that  Uiey  tiniit  light  without  a  [>erceptible  umuunt  of   heat, 
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probably  owiug  to  alow  chetoicaJ  action,  tlie  body  ia  said  to  bfri 
pttoiphornceal.  This  phenomeuon  reoeived  tUe  name  at  pho*-! 
phorescence,  because  phospkorua,  in  n  state  of  alow  combuntiiMif 
emits  vapours  which  sluue  in  the  dark  with  a  fuint  bluu  light 
hence  the  tenu  luts  been  employed  to  all  bodies  shewing  a  aimi 
lar  luminosity.  Some  miuends,  siich  as  oatiTe  tricalcic  diph  ot 
phnte,  or  p/iotphoriU,  when  gently  heated,  emit  light,  whi<^ 
soon  ceaaes,  and  cannot  be  reuewed  until  the  body  has  beoB 
espoaed  to  sunlight.  Bead  wood,  putrid  aea  tish,  Tariotu. 
flowers  of  living  plants,  such  as  those  of  CaleiiduUt  ojicividitt 
and  Papaver  oritntale,  and  Rhizomorpha,  tuhtrrranta,  a  plant 
foimd  in  mines,  all  elhibit  phosphorescence  under  certain  cir- 
ciimsfcincea.*  It  iaalao  shewn  by  many  living  animals,  aa  by  the 
glow-worm  {LampyrU  noctUiii::i)  and  fire-fiy  {Elatcr  noctUwnu), 
and  also  by  many  small  rnistacea,  medusB,  polypor^  and  in- 
fusoria, which  illuminate  the  sea  at  night.  Phosphorescence 
may  be  produced  artiflcally  by  heat,  by  the  electrical  dischai^, 
by  mechanical  action,  and  by  exposure  to  the  sun'a  rays. 

9.  Pboprrttes  Relatino  to  IVIaonetibk. — The  native  blade  I 
oxide  of  iron  (FejO|),  mineral  loadstone,  possesses  at  certain  M 
parts  of  its  surface,  termed  pola,  the  property  of  attracting 
small  pieces  of  iron.  This  peculiar  |)roperty  was  weU  known  14 
the  Oreciau  philoeopbeis,  and  they  gave  to  the  oi«  the  uame  a. 
maffutta,  from  a  village  near  which  it  was  found.  Hence  the 
terms  tiuijjttC  and  malpieCum. 

ifa.i/ne'n.^Tbese  are  either  natural  or  artificiaj.     Theya*«il 
natural  when  comjMwed  of  the  ore  or  mineral  just  mentioned  (  ' 
they  are  artificial  when  made  of  iron  or  steel,  to  which  the  mag- 
netic property  has  been  communicated  from  a  natural  magnet 
When  a  bar  of  tteel  is  nibbed  along  its  surface  in  a  constant 
direction  with  the  pole  of  a  natural  magnet,  it  becomes  itself  a 
maguet,  attracts  iron,  and   imparts  its  property  in  a  similar 
manner  to  other  bars  of  steel.     A  bar  of  steel  or  eof 
also  converted  into  a  magnet,  while  a  current  of  electricity  ibI 
passed  along  a  wire  coiled  round  it. 

Direclion  of  a  Jruhj  suspended  magnet. — When  a  smidl  mag>  I 
netic  needle  is  hung  by  n  thread  iittAohed  to  its  centre  of  gravity,  I 
BO  that  it  can  move  freely  iu  a  horizontal  plane,  it  always  take*  1 
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ft  iwrticular  poaition,  one  ecd  pointing  lownrda  the  north, and 

!  othtT  to  the  BOQth  pole  of  the  earth.     The  Iwo  enils  of  the 

r*re  accordingly  termed  the  north  mid  ioutApo^M  respectively. 

nukguetic  needle   bIbo   takea  up  a  particular  position  with 

nfereoce  to  the  horizon.     This  position  ia  termed  the  "  dip  "  of 

tb«  needle.     At  the  eqimtor,  the  needle  is  horizontal ;  in  the 

BOrtheru  hemixphere,  the  north  pole  of  the  needle  dips,  and  in 

southern  hemisphere  the  south  pole  di|>B.     Tl)e  cause  of 

e  attitodcH  of  the  suspended  needle  is,  that  the  earth  ie  a 

j|nM  magnet,  the  northern  hemisphere  exhibiting  sontbem, and 

wmtbem  hemisphere  northern,  ntagnptic  polarity. 

MagnHic  attraction,  and  npu}*ion. — If  to  a  freely  Riispended 

nugnetic  needle  another  magnet  is  presented,  it  will  lie  found 

Hut  the  south  pole  of  the  one  attrncta  the  north  pole  of  the 

«tber,   hnt  re|>els  the  south,   nhile  the  north  pole  attrst'ta  a 

watt)   pole,  liiit   repels  a  north.      Hence,  the  general   law  is, 

"  Simiinr  magnttic  pule*  repel,  ditiimilar  polet  allTacl  each  other." 

Magnetic  induction, — When  a  piece  of  unmagnetised  iron  ia 

BUnct«d  by  a  magnet,  it  becomes  iteelf  a  mngnet  fay  what  is 

itaraed  induction.    The  north  pole  of  the  mi^net  converts  the  end 

•C  the  inm  nearest  to  it  into  a  aoutfa  jiole,  and  vifc  ver«ii.     This 

una  why  a  ma^iet  in  the  form  of  a  horse-shoe  is  stronger 

a  tiar  magnet  u(  thu  mme  siKe.     Wlien  a  horse-shoe  magnet 

Mtnctaa  bar  of  iron,  the  north  pole  of  the  m-ignetia  attached  to 

tbesonthpoleofthebiirof  iron,  and  the  south  pole  of  tlie  magnet 

Iq  the  north  polo  of  the  bar  of  iron.     Thus  the  piece  of  iron  will 

In  belli  with  greater  force  tbnu  it  would  be  by  either  of  them 


Cimttitntinn  of  MiiffnetL—A  magnet  may  be  conceived  as  teing 
le  up  of  a  iiiimljer  of  hypothetical  moleculea,  each  having  a 
hand  a  south  pole,  and  all  the  similar  poles  pointing  the  same 
way  {Plat«  Vlll,  fig.  27).  In  a  row  of  such  molecules,  the 
Ipponte  [KiLiritiea  towards  the  middle  of  the  series  neutralise  one 
mother,  and  thuamngneticaction  ia  perceptible  only  at  the  poles. 
AmpM*  tlitor^  of  Mitgnttimi. — Ampere's  theory  is  that  the 
'tenomena  of  magnetism  depend  on  currents  of  electricity  rir- 
lating  round  the  molecules  of  a  magnet,  moving  parallel  to 
ch  other,  and  in  the  same  direotioD  so  as  to  represent  a  single 
■pinl  cnrrent.  He  was  able  to  shew  all  the  phenomena  of  ning- 
Mtie  action  in  a  helical  arrangement  of  conducting  wires. 

EUelnt'^nayrutic  Hotation, — In  1621,  Dr  Wollaaton  aurmised. 
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and  in  the  Bame  ;ear,  Faraday,  then  assistant  in  the  Royal  In- 
Blitution  of  London,  demonstrated  liy  experiment,  tliut  &  wire,  ■ 
conducting  a  current  of  electricity,  could  be  made  to  rotata  J 
round  a  magnetic  pole,  and  conversely,  that  a,  magnet  could  bo  \ 
made  to  rotate  round  a  conducting  wire.* 

Magjittitm  and  Diamaffnetism.~-Vp  to  the  year  1845,  when  ^ 
Faraday  made  his  discovery  of  the  universality  of  magnetic  ' 
action,  and  of  dianiagnetism,  it 'fl'as  Buppofled  that  insguctism  was 
peculiar  U>  a  small  number  of  bodies.  Faraday  then  found  that 
all  Ijodies  ore  subject  to  magnetism,  but  are  not  all  alfected  by  it 
in  the  same  way.  Hedivided  substances  into  twogreatd 
the parama^etie&Ddthe diamagHaie.  Allparama£Detic(»^,l)7'l 
the  side)  bodies  are  attracted  by  either  pole  of  u,  maguet,  and  whettl 
suspended  over  the  poles  of  a  horse-ahoe  magnet,  jxiint  lUViUfj  T 
that  is,  in  a.  straight  line  between  them.  See  Pkt«  VIII.  fig.  SSf  .1 
where  N  S  is  u  powerful  electru-magnet,  firmly  fixed  in  a  wooden  I 
support,  A  fi  is  a  thread  of  aillt  suspending  tlie  aubslance  to  be  1 
examined.  When  a  current  of  electricity  is  passed  (Jong  llw  ■ 
wires  C  Z,  the  apparatus  becomes  powerfully  magnetic.  Th«m 
boibes  belonging  to  tliia  class  are  mostly  metallic,  via.,  iron,;! 
nickel,  cobalt,  manganese,  chromium,  cerium,  titanium,  palU>i| 
dium,  platinum,  and  osmium. 

The  second  or  diamagnetic(*.ii, across)  class  of  boilieainci  tides  aU' J 
orgnnic  and  inorgtuucsubRtaaceswIuch  do  not  belong  to  the  mag-  ^ 
flfjt-l  neticelaaa.  Whenamagneticbody isBUspendedoverthepolesof » 
\  powerful  horBe-sboAuagnet  (Pig.  28),  it  places  itself  tguatorially, 
that  is,  at  right  angla  to  the  straight  line  joining  the  two  poles, 
Iwcause  it  is  probably  rfpdled  by  the  poles.  All  animal  texturos 
and  the  euttru  body  of  a  living  animal  are  diamognetic  Physi- 
cists liAve  not  yet  agreed  upon  a  satisfactory  tJieory  of  diama^  I 


10.  Properties  BRLATma  to  ELKCTBicirr.— More  than  t 
thousand  years  ago,  a  Grecian  philosopher,  Thales,  observed  J 
that  wheu  amber  woa  rubbed  with  silk  it  lia<l  t)ie  jKiwer  ot  | 
attrartittg  certain  bodies  ;  and  he  ascribed  the  influence  U 
inherent  soul  which,  stirred  up  by  friction,  weut  fortli  aud  dtvw- 1 
the  {larticlee  to  itself. f     The  Greek  word  fur  amber  is  ■I'm 
heuce  our  modem  name  dearicily. 

•  pMiuli)'.     IJf"  «rf  Lottoni.     By  Dr  lieuLi  Junes.    Vol.  1,  p.  S38. 
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ITaturt  »/■  £7«c(ripi(y.—El«;tricitjiB^  powerful  pliyaical  force  »^* 
tDherent  iu  all  bodiKS,  auil  aliSSS^frvm^lhem  hy  friction, 
cbomical  uctioL.heat,  roaguetiam,  vital  chiuiges,  and  by  all  kinds 
of  tnotion.  VnrimiB  theories  of  electricity  have  been  advanced  i 
bnt  tbnie  are  of  chief  importauue,  viz.,  those  of  (1)  Franklia, 
(8)  Dufay  and  Synimvrs,  and  (3)  the  dynainical  theory. 

(t)  I'raiiitin'^,  or  the  one  Jiuid  Chtory. — He  auppoaed  that  in 
all  budieii  there  existed  a  subtle  fluid  which  repelled  its  own 
pMticlea.  Wheij  any  body  coutaioM  its  own  delinite  amount  of 
this  Quid,  it  is^a  ttale  •>/  tqnUibriam;  when  a  body  hue  more 
tluui  ita  proper  amount  of  the  fluid,  it  in  poaitivtli/  electrified  ; 
when  leiH,  negatiedii  electrified. 

(2)  I>i^ai/  and  Syminer't,  or  tht  two/uid  theory. — This  theory 
at^tca  that  there  are  two  fluida,  the  ponCive,  or  vitixoua,  and  the 
Mgative,  or  retitout,  WIten  they  are  combined,  they  neutralise 
each  other,  and  the  body  is  in  its  natural  condition.  When 
litere  la  excess  of  positive  fluid,  tha  body  is  p<t*itiadg  electrified ; 
vlien  there  is  excess  of  negative  fluid,  it  is  Heyativdji  electrified. 
,  A  n^ativiB  fluid  always  repels  a  uegative  fluid  ;  and  a  positive 
b  a  positive  ;  bnt  a  negative  attracts  a  ^lositive,  and  a 
Live  a  negative.  This  theory  has  been  generally  accepted 
■nti]  recent  times. 

(3.)  Tkr  pt/Hamicai  TAtorj. — Electricity,  according  to  this 
theory,  like  heat  and  light,  is  a  niodt  of  mntiait.  There  is  an 
stheriaj  medium  filling  up  the  iutervalfof  bodies  and  pervading 
qiace,  and  the  pheuonicoa  of  electrici^  are  due  to  peculiar 
vibrkliotis  of  this  medium.  One  kind  of  these  vibrations  may 
pctidace  heat,  another  light,  and  a  thii'd  kimi  may  constitute 
Ibt!  [ibenoniena  we  include  under  the  ttrm  electricity. 

Conduclort  and  non-amduelor». —  Electricity  passes  eiuiily 
UiTDUgh  or  along  the  surface  of  sume  bodies,  but  other  bodies 
oSer  readirtance  to  itjj  pasauge.  Wlion  electiicity  paast^s  tlirough 
or  along  the  surface  of  a  body  without  much  resistance,  it  is 
called  a  eonditctor.  When  a  substance  offers  leaistAncc  to  the 
pasMgD  uf  electricity,  it  is  termed  a  non-condwetor  or  intiitator. 
Tbo  following  is  a  list  of  conductors  arranged  according  to  their 
oondoctiug  puwer.  the  beat  conductiiis  being  placed  first  :  the 
mttab,  charcoal,  dilute  acids,  saUuc  solutions,  animal  fluids, 
lifiag  animals. 

The  nietAla  vary  greatly  in  couducting  power.  The  best 
coudaotor  u  ailvar,  next  copper,  gold,  sodium,  calcium,  potas- 
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Bium,  iron,  tin,  platinum,  lend,  mercuiy,  bismuth,  and  the  wont 
conductor  of  all  is  tellurium. 

As  examples  of  electriuil  non-conducting  aubstoncea  nay  be 
mentioned  CEioutcbouc,  porcelain,  dry  paper,  wool.  Lair,  featbei^ 
silk,  gliuis,  wax,  aulpbnr,  resin,  amber,  and  ihellnc.  Gutta- 
percLa  posaeBses  great  insulating  power. 

Induction — The  action  of  kd  electritied  body  on  others 
it  ia  termed  indwUion  or  ae/ion  at  a  dittarirt.  When  a  conductor, 
A,  ia  placed  near  an  electrified  body,  B,  A  becomes  cLargail  with 
the  opposite  kind  of  electricity  to  what  it  had  liefore,  and,  if 
moveable,  ia  aUraeUd  townnia  B.  It  both  A  and 
ductora,  and  are  brought  into  contact,  the  moment  they  do  ao^ 
the  two  electricitiea  combine,  and  both  bodies  becoming  aimilariy' 
electrified,  A  and  B  rgjrf  each  other.  Uj«in  these  pLenumeoaJ' 
ftttraction  and  repuUion,  are  cooBtracted  almost  nil  the  inatrtt- 
ments  for  ascertaiuiug  the  nature  and  intensity  of  the  electrid^ 
with  wliich  a  iKidy  is  charged.  Such  inetrimients  are  termed 
dtclroKopes.  The  ordinary  gold  leaf  electnwcope  (PI.  VTIL 
fig.  32)  conxiata  of  a  glass  bottle  having  attached  to  ita  ueck  by 
gum  moatich,  a  brass  tube  closed  at  the  top  by  a  thieb  braaa 
pUte.  To  the  brnsa  plate  is  a  wire  coatetl  with  shellac,  and  to 
the  lower  end  of  tliiu  wire  are  two  strips  of  gold  leaf  of  about 
an  inch  in  leugtb.  Facing  theae  gold  leaflets  on  the  exterior  of 
tlie  bottle,  are  pieces  of  tinfoil.  When  a  lioily  positively  electri- 
fied is  brought  near  such  an  apijunitua,  tlie  leaflets  at  on06 
diverge,  often  with  audi  fori*  that  Ihey  are  in  dfinger  of  bemg 

Drltetion  of  tlearical  emroiit.—PrOlvxar  Oersted  of  Copen- 
hagen, in  tlie  year  IB20,  discovered  that,  when  a  magoetio 
needle  ia  sus^iended  or  carefully  balanced  in  the  magnetic 
meridian,  under  or  above  and  parallel  to  a  wire  conducting  a 
current  of  voltaic  electricity,  the  needle  immediately  tends  to 
place  itself  at  right  angles  to  the  wire.  This  experiment  wiw 
the  origin  of  dertro-magnttitm.  An  arrangement  is  shewn  in 
PL  VllL  fig.  31  for  illustrating  this  fact  Let  N  S  be  a  neecUe 
freely  Iiul:uiueil  on  W  S,  and  A  B  a  wire  conducting  a  curreut 
from  C  to  Z  in  the  direction  of  the  arrowa  If  N  S  is  placed 
on  the  magnetic  meridian,  and  a  current  of  electricity  is 
from  C  to  Z,  tlw  magnetic  needle,  N  S,  will  immediately 
Boaato  place  itaelf  as  near  as  may  be  to  a  right  angle  to  the  wir& 
AB.     In  the  sAme  year,  Schweigger,  u  (Jennan  philosopher, 
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r  Applied  this  discovety  of  the  action  of  n  conducting  wire  on  a 
I    magnetic  needle  to  the  construction  of  an  iuBtrumeut  for  Hhewing 
th«  direction  and  iiieosuring  the  int*uiuty  of  vol Uuc  curreuti.  Thia 
iuBtrument  iti  termed  the  galnaitorneter.     It  consists  of  n  coil  of 
wire,   inaiilatjid  liy  being  covered  with  silk,  in  the  centre  of 
which  is  suspended,  by  u  very  delicate  tilfunent  of  ailk  or  cob- 
reb,  %  magnetic  needle.    Almve  the  coil  there  is  a  cai-d  gradu- 
I   Mad  into  360  degrees.     Uu  passing  even  a  feeble  current  tdong 
the  wire,  the  ueedle  ia  at  once  deflected.     Nobili  greatly  im- 
proved the  galvAQomeler  by  introducing  the  astiitic  needle. 
The  aiCalic  neaiU  of  Ampire. — ^As  ft  magnetic  needle  always 
I   points  to  the  north  pole  of  the  earth,  it  is  evident  that  before 
I   oung  the  gnlvanometer  as  at  first  constructed,  the  coil  of  wire 
must  be  placed  parallel  to  the  needle  that  is  pointing  north  and 
I  BOttth.     To  obviate  this  inconvenience  Kobili  made  use  of  the 
itlc  needle  of  Ampire,  which  conaiBts  of  two  oeedJea  instaml  of 
I  eaa,aiiuiectedtogetherl)y  abit  ofstraworafinepieceof tortoise- 
I  dwU  ao  that  the  north  pole  of  the  one  is  over  the  south  pole  of 
I  Ibe  other,  and  Hec  vtrta.    Such  an  arrangement  constitutos  an 

8  attatic  »s»ltm,  and  as  the  one  needle 

neutralises  the  other,  both,  wlieii  sus- 

N  landed,  are  liberated  from  Uie  static 

I   action  of  the  earth,  and  swing  freely  in  any  directiou.     In  most 
galvBHometera,  however,     small  magnet  is  placed  so  as  to  keep 
.   the  needle  {Parallel  with  the  coil. 

Tk*  maltiplifiHg  Oalvanometer. — By  increasing  the  mimber 
I  d  ooils,  tlie  galTauometer  becomes  more  sentdtive,  and  indicates, 
I  bf  »  deflection  of  the  needle,  even  the  weakest  currents.  The 
ion  of  lliis  is,  tluit  the  action  of  the  wire  above  owl  below  the 
I  nsedle  tends  to  move  it  in  the  sajue  direction,  and  thus  evnty 
I  additional  coil  multiplies  the  eleirtromagnetiv  action,  and  pro- 
I  dncM  >  greater  a:id  greater  defleirtion  of  the  ueedle.  The  most 
I,  d«licate  galvanometer'  yet  constructed  for  physiological  use,  ia 
it  of  Du  Buia-R«ymoud,  the  Pnifcssor  of  Physiology  in  Berlin, 
I  io  vkteh  the  wire  is  about  l«,Tft2  feet  long,  and  forms  30,i)0U 
Is  round  the  needle.  SirWilliain  Thompson,  of  Glasgow,  has 
I  denrtMHl  a  galvmiouieter  of  less  balk,  in  which  there  is  a  small 
i  Vfrtinl  mirror  fixed  to  a  light  astatic  needle  Hus])euded  by 
'  S  tbatl  thread.  The  mirror  reflects  upon  a  graduated  scale 
the  ray  of  Ught  from  a  lamp  carefully  ailjusied  before  the 
«ppu»tUB,  and  thus  the  alighUut  movements  of  the  needle  are 
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apparent.  More  reoeutly.  Sir  WilUnm  boa  indented  a  aelf- 
recording  galvaaoineter,  but  it  has  BOt  yet  been  used  in  phyato- 
logicai  research.     (See  Practical  Physiology.) 

Modrt  of  prodscinff  dKtndtff.— These  may  be  classified   i 
follows; — 1.   by   friction   {frictional    dtctrKil}/)  ;    2.   by   be»t  1 
(thamo-dfttricity)  ;  3.  by  chemical  action  (Oalvanic  or   VolCaio  i 
etectricUi/)  ;  4.  by  induction  (FaradK   decCriciCg) ;   and,  5.   t)7  1 
tiving  organised  structures  {organic  dectricUy). 

1.  EkctrMCg  produeed  bi/  frietitm. — The  simplest  inataBce  of  I 
this  is  the  electricity  produced  by  rubbing  a.  glass  rod  or  a  stick 
of  sealiug-wax  with  a  piece  of  danneL  Such  a  rod,  when  brought 
near  a  gold  leaf  electroscope,  immedintely  causes  the  strips  of 
gold  leaf  to  ilivetge.  The  action  of  the  ordinary  electric  machine 
is  founded  on  the  excitation  of  electricity  by  friction.  This  mode 
of  producing  electricity  is  not  of  much  service  in  physiological  J 
research.  I 

2.  £!eetricilg  prodveed  bg  htat. — When  two  pieces  of  different  I 
metals  are  soldered  together,  and  heat  is  applied  t«  the  point  of 
junction,  an  electric  current  is  established,  when  the  point  of 
junction  is  brought  to  a  temperature  different  from  that  of  the 
rest  of  the  circuit.  The  strougest  current  of  this  kind  is  produced 
by  B  circuit  of  hifnuuth  and  antimony.  Such  a,  combination  of 
two  metals  is  called  a  tharma-electric  pair,Ka'},  a  number  of  tbew  i 
pairs  placed  together  constitutes  a  (A«n(oo-d(e(ric6o«n^,  c/oin,,  or 
pUe.  An  apparatus  of  this  kind  is  termed  J^EUoni''a^iii%  Thermo- 
electric ariAUgemeuta  hare  been  succeeafully  used  by  Becquerd  ■' 
and  Breschet*  in  the  investigation  of  animal  heat.  (See  Animal 
Heat.) 

3.  ElectrMtff  produced  by  Chemical  AcCum.—Hhie  is  the  moat 
important  of  all  sources  of  electricity,  and  is  the  basis  of  the 
ordinary  voltaic  battery,    When  a  system  of  two  dismmilar  metals    i 
is  immersed  in  a  fluid,  which  acts  on  one  of  them,  a  current  of 
electricity  its  produced,  and  we  have  what  is  called  a  ffolva 
voilaic  couple.     The  chemiaU  and  other  phenomena  occurriug  in  I 
a  voltaic  couple,  will  be  readily  understood  by  referring  to  Plato  I 
VfU.  tig.  29.    In  the  glass  vessel  there  represented,  partially  f 
immersed  in  dilute  sulphuric  acid,  ore  two  metallic  plates,  the  1 
one,Z,beiiigaplateofzinc,theother,C,aplateof copper.   When  I 
these  two  plates  ore  not  in  contact,  little  or  no  action  lakea  J 
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pliice,  except  the  formation  of  ii  few  bubbles  of  gas  od  the  Emc; 
but  tbe  moraeot  tbey  are  altnved  to  rest  t^inst  each  other,  as 
■hewn  in  tlie  figure,  the  Burface  of  the  copper  becomes  coated 
with  uiuute  bulililes,  which  increase  in  size,  and  eventually 
cMapc  into  the  air.  The  whole  of  the  liquid  in  the  neighbour- 
hood of  the  cojiper  soon  asBumen  ii  state  of  effervescence,  while 
(hat  around  the  zdnc  is  free  from  disturbance.  Tbe  copper  is 
not  acted  on  chemically,  but  the  zinc  is  being  dissolved.  The 
zinc  plnte  decomposes  the  film  of  water  on  iXn  surfaces  ;  oxide 
of  zinc  (ZnO)  is  formed,  which  is  rapidly  dissolved  by  the 
sulpbaric  acid,  forming  zinc  sulphate  (ZuSO,),  thns  leaving  a 
clean  RUrfoce  of  zinc  for  another  Aim  of  water,  and  so  on.  The 
tAkat  element  of  water,  tbe  hydrogen,  passes  over  to  the  copper 
plate,  and  appears  there  in  the  form  of  the  bubbles  just  described. 
But  the  chemical  action  or  force  which  has  divided  water  into 
'  its  elements,  becomesanotberform  of  force,  called  ef«c{n'»i^/orM. 
A  current  of  electricity  has  been  set  up  ;  starting  from  the  sine 
|)lkte,  it  passes  to  the  copper,  and  proceeds  up  the  copper  to  the 
me  pUte  again,  aa  indicated  by  tbe  arrows  in  tbe  figure. 

The  metal  most  attacked  by  the  liquid  in  a  voltaic  couple,  is 
called  tia  po»Uiiie,the  other  the  negative  iufSbBL  In  Uie  arrange- 
ment just  described,  the  /iuc  is  the  positive,  and  the  copper  the 
tw^tive,  clementa  The  |>art  of  the  metal  immersed  in  the  Suid, 
it  temuKl  the  ]iUtle,  and  the  part  out  of  the  lluid  is  the  poU  or 
Htetrodt.  Aa  the  current  always  travels  in  the  fluid  from  the 
pontive  plate,  whei'e  there  is  the  greatest  ctiemical  action,  to 
tbe  oegative  plal^,  where  tlie  action  is  the  least,  the  jHuitive 
fdU,  which  is  out  of  the  fluid,  is  connected  with  the  negatiee 
fAaU,  and  viuf  vena.  Instead  of  the  term  pole,  the  word 
dtetrwU  was  used  by  Faraday,  and  he  expressed  tbe  emitting 
or  JMsitive  electrode,  by  prefixing  the  syllable  an,  and  the 
reoeiving  or  negative,  by  prefixing  the  syllable  cath.  So  that, 
jMGording  to  this  uomeuclature,  the  upper  end  of  the  positive 
element  U  the  andecCrode  ('-.i,  up ;  if*«f(rt,  electricity  ;  Hi,,  a 
Wky),  and  the  upper  end  of  the  negative  element,  tbe  eath^ 
laetnxU  (••■<■■,  down  ;  «Ai<r;»  [  Sit). 

The  following  is  a  li»t  of  metaXs  arranged  according  to  their 
riectriotl  behaviour,  the  electro-positive  being  placed  at  one  end, 
tlw  electro-negative  at  the  other.  Hence,  if  any  two  of  these 
•re  placed  in  contact  in  dilute  acid,  the  current  b  the  connect- 
ing wire,  out  of  tbe  fiuid,  proceeds  from  the  one  lower  in  the 
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list,  to  the  one  Ligher  : — zinc,  aiiver,  tin,  gold,  iron,  platuiuiii,   . 
coppar.     In  tlie  fluid,  the  current  paBses  from  the  one  higher  in 
the  list  to  the  one  lower. 

VoUa't  Pile. — This  apparatus,  invented  by  Volta,  co 
of  platen  of  copper  lutd  zinc  of  equal  aize,  arranged,  along  with 
pieces  of  thick  flannel,  in  the  following  order  : — IsL.  A  plate  I 
of  copper ;  2d.  A  plale  of  zinc  ;  3(1.  A  piece  of  flunnel  nioix 
with  dilute  acid,  or  a  strong  sulutiou  of  cunimou  salt ;  tliea 
a  platti  of  copper,  then  zinc,  then  flannel,  and  ho  on,  until  a  I 
pile  ia  fonntHl.  Such  an  arningement  will  yield  a  large  quantity 
of  electricity  of  low  tenaion.  It  is  never  usetl  for  physiolc^cal 
researeli. 

Voltaia  Baitenrt. — Voltaic  coiiptai  or  elemetiCs  nmy  be  united 
together  to  form  a  batteri/  iu  two  ways.     When  all  the  positives 
are  united  on  one  side,  and  iill  the  negatives  on   the  other,  k    ■ 
battery  is  made  which  is  cupit.ble  of  generating  a  large  amuunt   I 
of  electricity,  but  electricity  having  a  low  tension,  or,  in  other 
wordu,  a  weak  power  of  overcuniing  resiBtance.     If,  on  tlie  other 
hand,  it  be  desirable  to  give  to  the  current  of  electricity  evolved 
from  any  battery  a  high  lenuon,  then  the  positive  pole  of  one 
couple  muat  l>e  uuited  with  the  negative  of  the  next,  and  so  on 
through  the  entire  aerie«  employed.    Id  arranging  a  eei'i 
couples  to  form  a  battery  of  high  tension  electricity,  naie  should 
be  taken  to  use  batteries  whose  negative  elemenlM  are  of  equal 
size,  as  the  al>solute  power  of  ajiy  galvanic  arrniigemeat,  c 
par&ui,  depends  on  the  area  of  the  eiirface  of  the  negativa  I 
element. 

Various  batteries  or  eouplcs  are  useful  in  physiulogiiAl  i 
search,  but  the  following  are  the  most  important, — 

1.  Danid'n  Batt»y. — Tliis  consists  of  a  porcelain  or  copper  I 
vessel  containing  a  saturated  solution  of  sulphate  of  copper  I 
(hSO^.  Inside  the  cylinder,  is  a  thin  porous  vessel  of  earthen  I 
ware,  containing  a  strip  or  roll  of  amalgamated  zinc  inuueraed  fl 
iu  a  solution  of  salt  (NaCl)  or  dilute  sulphuric  acid  (7  of  H^  | 
to  1  of  HjSO,),  The  action  of  this  kind  of  battery  is  constant^.J 
because  the  chemiad  decuiupoaitiou  which  takes  phice  produc 
a  continual  deposition  of  metallic  copper,  wheruby  itx  surface  is  1 
always  kept  pure.  It  also  gives  a  current  of  considerable  in-  | 
tousity.  The  negative  pole  in  tliis  battery  is  connected  with  | 
the  zinc  (positive  plate),  and  the  positive  pole  with  the  copper  I 
(negative  plate),  and  the  current  travels,  in  the  fluid,  from  thft  J 
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Bae  to  the  ocqiper,  anil  out  of  the  liquid,  from  the  copper  to  the 

2.  BwiMtn't  Satiety. — Eitcli  element  conaists  ot  u  luir  or  roll 
at  compact  chaivoal  or  coke  unmerseil  iu  a  porous  eai-thenware 
TCWitl  oonlttiiung  strong  nitric  acid  (HNO3).  Round  this  ia  a 
boOow  cjlitider  of  amolganiattMl  ziuc  imiuereed  in  dilute  aul- 
pbiuie  acid  (I  H^,  to  T  of  Hp),  to  which  is  fixed  a.  strip  of 
copper.  Tlie  upper  part  of  the  bar  of  carbon  is  fitted  with  a. 
binding  acrew  serving  to  connect  it  with  the  snnc  of  the  next 
oouple.  The  positive  pole  proceeds  from  the  carbon  (negative 
plate),  and  the  uegative  from  llie  xinc  (positive  plate).  The 
current  trnvela  in  the  fluid  from  the  zinc  to  the  carbuu,  and  out 
of  the  fluid  from  the  carbon  to  tlie  zinc.     Tliisisa  most  energetic 

3.  Groet't  JSatterj/.—hi  Ihie  battery  the  positive  plate  conaiata 
«l  a  Urge  surface  of  oinalgiunateil  zinc  immersed  iu  dilute 
mlphuric  acid  (1  of  H,SU,  to  H)  of  H,0),  and  tlie  negative 
fiaXe  comdiite  of  a  small  strip  of  a  }>latinum  immersed  in 
■trong  nitric  acid  iHNO,).  £nch  zinc  plate  is  coiled  round  a 
porolM  eartbenwiire  vessel  coutainiug  the  platinum.  The  posi- 
tive pole  iu  thin  case  pruceeda  from  the  platinum  'negative  plate), 
vul  the  negative  [mle  from  the  zinc  (jioeitive  plate).  In  the 
fluid,  the  curi'eut  travels  from  tlie  zinc  lo  the  platinum,  and 
out  -at  the  fluiil  from  the  platinum  to  the  zinc.  This  battery  is 
poworful,  but  not  very  constant,  luid  after  it  haa  been  in  action 
(or  ou  hour,  MipiouB  nnl  fumeii  of  the  lower  oxides  of  nitrogen 
atv  given  olT,  which  render  it  disagreeable. 

i.  Sme^t  Uttltrg.—Thja  convenient  form  of  battery  consists  of 
a  alieet  of  plaliuum  covered  with  liuely  dividecl  platinum,  or  of 
a  plate  of  platinised  silver  placed  between  two  plates  of  uinal- 
guuated  zinu.  There  is  only  one  liquid  rwiuirwl,  dilute  aul- 
phuric  add  (1  of  H^,  to  7  of  Up).  The  negative  pole  in 
litis  enuple  proceeiln  from  the  zinc  (pontive  pbte),  and  the 
poaLive  pule  from  the  platinum  (uegative  plate).  The  current 
tlicrefore  travels  iu  the  liquid  from  the  sine  to  the  platinum,  and 
out  of  the  fluid  from  the  platinum  to  the  ana  The  ouuvenituioe 
of  having  to  use  only  one  acid  (H^O^)  in  this  form  of  battery 
is  very  great,  and  it  gives  a  tolerably  couEAaiit  current,  which, 
however,  nnfortiiuately  Umde  to  become  weaker  and  weaker,  in 
cunaequeuve  of  the  destruction  of  the  zinc  plate. 

JS.ettrical  j'urttpn,  made  of  coilii  of  zinc  and  cujiiier  moistened 
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with  acetic  acid,  are  of  great  aervice  in  physiological  eiperi- 

Another  form  of  battery  has  lately  been  introduced.  It 
siata  (Plate  VIII.  fig-.  30u)  of  a  glass  bottle  containing  a  Htrip  tA 
£iue  (pusitive  plate)  having  on  each  side  of  it  a  thin  slip  <A  ' 
carbon  (negative  plate)  immeraed  in  a  saturated  aoliition  of  i 
bichromate  of  potash  (E,0r,O,)  and  sulphuric  acid  (H,SO,)  in  i 
the  pivporticm  of  twelve  parts  of  the  former  to  one  part  of  the 
latter.  This  is  an  energetic  battery,  constant  for  a  few  hours,  | 
and  when  not  in  use,  action  may  conveniently  be  stopped  by  I 
drawing  out  the  zinc  plate. 

PhjisiiAoijiml  action  </  (Ae  galvanie  current.— When  the  eleo-  \ 
trodes  of  a  powerful  battery  are  held  in  the  two  hands,  a  strong  j 
shock  is  felt,  wliich  is  more  violent  in  proportion  to  the  number   j 
of  couples  used.     The  shock  of  a  single  couple  is  not  felt  ii 
the  hands,  but  if  the  terminals  are  applied  to  the  lips  or  tb 
mucous  membrane  of  the  mouth,  or  the  tongue,  a  burning  ' 
sensation  and  peoidiar  taste  are  perceived.     When  the  tenninato 
of  a  strong  battery  are  applied   to  the  body  of   an   animal 
recently  killed,  such  as  a  frog  or  rabbit,  the  muscles  ]iower- 
fuLy  contract.      In  1810,  Dr  Ure*  eiperimentfid  on  the  body 
of  H  man  who  had  been  hanged,  with  a  like  result.    The  electric 
current  in  a  heaJthy  individual  produces  two  sensible  effects, 
pain  and  muscular  contractions.     When  applied  to  a  nerve,  it 
excites  the  nervous  force  which,  by  propagating  itself  to  musclea, 
produces  iu  them  contraction,  and  by  tninitmitting  an  influence 
to  the  cerebrum  produces  the  sensation  of  pain.     But  the  mus- 
cular contractions,  and  the  painful  sensations,  are  produced  only    ' 
at  the  ninmeut  of  opening  and  closing  the  current 

Thtnnnl  and  luminous  effecU  of  the  ffoivanic  carrent. — When 
a  strong  current  is  transmitted  along  a  metallic  wire,  the  wire  . 
becomes  heated,  and  incandescent  if  short  and  thin.  This  may  be  . 
readily  demonstrated  by  connecting  the  two  terminals  of  k 
powerfid  battery  by  a  tldu  piece  of  platinum  wire.  In  a  ' 
uiinutes,  the  wire  becomes  red-hot.  A  useful  application  of  this  1 
(art  is  seen  in  the  surgical  appliance  called  the  electro-cautery,  i 
by  means  of  which  the  surgeon  may  reaiL'ly  remove  po1y]ii  with-  I 
out  heemorrhage.  When  the  electrodes  of  a  voltaic  battery  are  J 
brought  into  contact,  a  brilliant  spark  is  observed.    When  Kfl 
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large  number  of  evils  are  used,  and  the  two  wires  t«n]iuiate  in 
pencils  nf  r^hnrcoiU,  a  maguificeut  electrip  light  is  obtained. 
Davy  made  the  first  eiperiment  of  the  eleetrii;  light  in  1801,  by 
means  of  a  tiattery  of  2000  plates;,  each  four  inchea  square.* 
The  electric  light  has  similar  pro))erties  to  sobu*  light 

Chfmieal,  tftcl*  of  Ott  galvanic  current. ^Wlien  an  electrical 
cnrreut  is  passed  through  water,  the  Utter  is  deconipoeed  into 
ita  two  eoDstituent  gaees,  iixygen  luid  hydivgeu.  This  process 
ia  called  electrolysis  ( jjiiJi»»,  etei/tridty  ;  t-int,  disintegration). 
In  eleetrnlytic  deoompositioba,  one  ctf  the  elements  go^  to  the 
positive  pole,  the  other  to  the  negative.  The  bodies  separated 
Hi  the  positive  pole,  are  called  eieciro-nejah'M  elementa  ;  those 
Mpanted  at  the  negative  pole,  are  called  eJeefro-^onfiM  elements. 
The  anme  iMxly  m^ybe  electro-negative  or  electro-positive.  For 
example,  sulphar  is  electro-negative  to  hydrogen  but  electro- 
poaitive  to  oiygeu.  When  tbeterrainals  of  a  battery  are  dipped 
IdIo  living  blood,  a  clot  of  fibrin  soon  collects  around  the  poa- 
tiTQ  pole  and  bubbles  of  osygeu  arise  from  the  negative  polo. 
^is  action  suggested  lo  surgeons  the  operation  of  galvano-punc- 
tnre,  first  proposed  by  M,  Prevart  in  1833,  by  which  the  fibrin 
aooagnUt^d  within  an  aneurismHl  sac. 

4.  Eltttncity  prtximtd  b^  indvetion, — Electricity  produced  by 
induction,  or  by  action  at  a  distance,  ie  called  Faradictleetrieity, 
in  honour  of  its  discoverer,  Farjulay,  who  first  investigated  this 
'  *BrB  of  electricity  in  1832.  The  method  of  producing  tlus  form 
«f  electricity  will  be  readily  understood  by  referring  to  figure  in 
PUta  YIII.  fig.  30.x  Let  A  and  B  be  two  wooden  piUars  firmly 
ftxnd  in  a  strong  piece  of  wood.  Xn  the  top  of  each  of  these 
pillars  are  two  binding  screws,  by  means  of  which  the  bent  wires, 
C  D  and  E  F.  may  be  attached,  one  below  the  other,  and  about 
half  an  iucli  npnrt  The  galvutoroeter  G  is  connected  with  the 
two  inner  screws,  E  F.  and  one  of  the  outer  binding  bctcwb,  D, 
with  tho  negative  IK>le  of  the  batter)*  H.  There  are  now  two 
distinat  dmiits.  The  one,  EOF,  inchidea  tlie  galvanometer  G, 
tbe  other  conaiats  of  the  battery  A  and  the  wire  C  D.  This  last 
drcuit  is  not  yet  couiplete,  for  tbe  wire  C  m  not  connected  with 
the  positive  pole  of  the  battery.  Phtce  the  galvanometer  so  that 
tb»  needle  will  be  parallel  with  the  wire  E  F.  If  the  battery 
tUGuit  be  now  completeil  by  eimply  toiic/iing  the  positive  pole 
Ouot^  Plqiia,  Op.  CU.  t  rnvu.  l.'Bwtjita  nrndai,  uun.  Hi.  p.  INt. 
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with  tUe  winj  from  the  binding  screw  C,  the  needle  of  the  g>l- 
Tiuiomet^r  will  be  at  ouce  deflticted. 

This  (lellectiun  of  the  needle  IB  caused  by  aciurent  of  elei^tricitiy^ 
poasiug  along  the  circuit  E  G  F,  auil  aa  this  circuit  h. 
nection  with  the  battery  circuit  C  D  H,  tlie  current  iu  E  U  P 
waa  indvoed  bj  the  current  passing  in  C  D  H.  A  (niireDt 
the  galvanometer  circuit  baa  been  set  up  by  the  curreiit  \u  tfas 
battery  circuit  But  if  we  now  JU  the  wire  C  to  the  binding, 
screw  on  the  positive  jiole  of  the  battery,  the  needle  at  one 
turns  bo  its  original  position,  and  is  quiescent.  8e[>iLnLte 
wire,  and  the  needle  will  be  again  deflected  by  an  induced 
rent,  but  tliia  time  in  the  oppoaite  direotion.  The  induced 
rent  in  the  galvauometer  circuit  E  G  F  is,  therefore,  produced 
only  at  the  moment  of  opening  and  closing  the  battery  circuit 
C  D  H.  Wheu  the  buttery  circuit  ii  closed,  a  current  is  pro- 
duced in  the  galvanometer  i;irumt  iu  an  oppoaite  directii 
that  in  the  battery  circuit  ;  but  when  the  battery  circuit  if' 
0)>ened,  the  ciirreut  in  tlie  galvanometer  circuit  in  in  the 
direction  as  that  iu  the  battery  circuit, 

When  two  coihi  of  wire  are  used  instead  of  a  single  wire, 
the  Biperimont  juat  described,  a  very  powerful  curr^t  is  iuduiwd 
in  Che  one  at  the  moment  of  opening  and  closing  the  electrical 
current  iu  ttie  other.  The  coil  through  which  the  current  lotwes 
from  the  battery  is  termed  tlie  jrrimarg  coil  (E  D  H),  the  coil  in 
which  the  current  ia  inducaJ,  has  received  the  name  of  the 
ucondary  coil  (E  U  F).  Induced  currents  are  also  formed  when, 
a  primal^  coil  traversed  by  a  current  is  approached  to, 
removed  from,  a  secondary  one.  When  the  latter  is  brougW.i 
near  the  former,  a  ciirrent  ia  iuduceil  iu  the  fii'sl  in  an  oppi) 
direction  to  that  of  the  second  ;  but  when  a  oecoudary  coil  is; 
removed  from  a  primary,  n  current  is  induced  iu  the  secondaiT'', 
in  the  same  direction  as  that  in  the  primary. 

luduced  currents  may  alao  be  obtained  by  tbe  action  of 
nuignets.  Tliis  kind  of  electricity  is  sometimes  caileil  MagnetO' 
ettclriciti/.  A  current  ot  electricity  pnsaed  rouud  a  l)ar  of  soft 
iron  converts  it  into  a  magnet,  a  fact  first  oli«er\-ed  in  1S37  by 
Sturgeon  ;  iu  like  manner,  when  a  magnet  ia  thrust  inUi  a  coil, 
of  aofl  iron  wire,  a  curreut  ot  electricity  ia  induced  iu  the  coil 
(Faraday). 

The  phenomena  of  induction  has  given  rise  tu  the  conatructioa 
of  instnuneutB  capable  of  producing  &  series  of  induced  current*' 
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by  rapidly  breaking  and  forming  tlie  circuit  in  a  primary  coil  of 
wire.  These  instruments  are  termed  liuhmkorff^s  coil,  induction 
coils,  magneto-electric  machines,  &c.  A  description  of  these,  and 
of  their  use  in  physiological  investigation  will  be  given  under 
Practical  Physiology. 

Varietif  of  currents. — By  a  continuous  current  is  meant  a 
uniform  flow  of  electricity  j)roceeding  in  a  stream  from  any 
number  of  galvanic  elements ;  by  an  intemipted  current,  one 
that  is  broken  or  interrupted,  and  then  re-formed  ;  and  by  an 
indu4:ed  current,  a  current  obt^iined  by  an  induction  apparatus 
in  the  manner  already  descrilx'd.  The  physiological  properties 
of  each  will  l)e  referred  to  under  Practical  Physiology. 

5.  Electricity  produced  hi/  living  organised  structures  (Organic 
Electricity). — Organised  beings,  as  masses  of  mere  matter, 
are  8ul)ject  to  the  laws  which  determine  electrical  equilibrium 
and  electrical  disturbance.  But  the  physiological  changes  which 
occur  in  the  tissues  of  a  plant  or  animal  CJiuse  electrical  dis- 
turbance, and  thus  give  rise  to  currents.  The  investigation 
of  these  j)lien()meua  lias  received  the  name  of  electro-physiology, 
a  department  of  science  which,  in  late  yccirs,  from  the  unre- 
mitting labours  of  the  (xermau  school  of  physiologists,  has 
made  remarkable  advances.  It  may  l)e  sulxlivided  into  (1) 
electricity  in  plants  and  vegetable  tissues  (Vegetable  Electricity) ; 
(2)  electricity  in  animals  and  in  the  animal  tissues  (Animal 
Electricity). 

1.  VegetaUe  electricity  in  plants. — (Vegetable  Electricity.) 
— No  definite  results  have  been  obtained  iia  to  electrical  pheno- 
mena in  plants.  Buff*  has  shewn  that  the  roots  and  central 
parts  of  ])Luits  are  negative  to  the  humid  surface  of  the  leaves, 
flowers,  fruit,  and  young  branches ;  but  this  condition  is  probably 
due  to  ordinary  chemical  reactions,  and  not  dependent  on  vital 
causes. 

2.  Electricity  in  animals  and  in  the  animal  tissues. — (Animal 
Electricity.) — This  includes  a  de8crij)tion  of  electrical  pheno- 
mena in  certain  fishes,  and  in  the  animal  tissues  such  as  muscle, 
nerve,  &c. 

Electrical  Fishes. 

Certain  fishes  have  special  organs  for  the  development  of 
electricity,  by  means  of  which  they  have  the  power  of  communi- 

*  Buff,  Ann.  Ckim.  Fkys.  [3]  zlL  108. 
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eating  a  ahock  to  otber  ajumals,  ti  power  they  use  either  for  self- 
ilefeuce  or  for  paralyaing  tbeir  prey.  The  moat  remurkubla  lA 
these  fiahcH  are  : — 

1.  Tht  Torpedo. — This  Ssh,  a  Kpecies  of  ray,  temiBd  by  natn- 
raliets,  Toj-pedo  Galeani,  after  the  celebrated  Bologna  protesa 
U  a  native  of  the  Mediterninean.  It  is  sometinieB  found 
the  Atlantic,  rarely  in  the  North  Sea.  It«  jKiwera  of  giving 
benumbiug  Bhocks  was  ret-oguised  by  fiahermeu  before  the  daya 
of  Aristotle,  who  carefully  describes  them.  J.  Walsh*  was  the 
first,  in  1773,  to  shew  ex perimeu tally  that  these  ahocks  of  the 
torpedo  were  eaaentiaJly  electrical.  The  electric  orgaus,  two  in 
Dumber,  are  large,  flat,  kidney- shaped  bodies,  placed  on  each 
aide  of  the  head  and  gills.  The  organ  ia  cunifweed  of  a  tnaas 
of  hexxgoual  priania,  placed  vertically  between  the  doraal  and 
abdominal  iutegument,  and  each  prism  is  divided  by  a  series 
of  delicate  membranous  plates  or  diaphragms  attached  by  their 
angles  to  the  aponeurotic  ebeatfas  aepamtiug  the  pi-isms.  The 
plates  ore  aepamted  fi'oin  each  other  by  &  jelly-like  albuminoiu 
fluid.  In  each  electric  organ  there  are  from  400  to  1000  prisms, 
and  it  haa  been  estimated  that  there  are  about  ^000  plates  in  each 
prism.  This  powerful  electric  battery,  thua  divided  iuto  compart- 
menta,  is  richly  supplied  with  lurge  nerves.  TheBeare(l)alai^ 
branch  from  the  trigeminal,  and  (2)  four  bnuiches  from  the 
va£UH,'t'  which  spring  from  a  large  trunk  on  each  side  of  the  fore 
part  of  the  medulla-obluugata.  Acconliug  to  Paccini,!  the 
nerves  enter  the  lamlnte  at  ibeir  |>oiut8  of  attachment  to  the 
prisma,  and  are  distributed  to  their  under  surface,  and  in  the 
lluid  between  that  surface  aiid  the  next  lamina.  They  nunify 
here  in  a  very  vascular  nucleated  tismie.  The  upper  or  dorsal 
surface  of  the  dta[ihragm  is  negative,  while  the  under  surface, 
on  which  the  nervea  are  distributed,  is  poaitive.  Each  prism 
is  thus  analogous  to  a  voltaic  pile.  In  the  turpeilo  the  piles  are 
vertical,  and  the  plates  hoi'izootal. 

2.  The  O'fmnotut  deotrieas  is  on  eeMike  fish  common  in  thft 
lakes  and  rivers  of  South  America,  especially  in  Guiana.  It 
possesses  four  electric  organs,  two  on  each  aide,  stretching- 
from  the  pectoral  fins  to  neai-  the  end  of  the  tail.  The  pro- 
portional  size    of  the    electric   organs    to  the  body  is   much 

•  WiiWi.  na.  TramoHlont  tut  177S. 
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greater  in  the  gjTnnonis  than  iii  the  loq)tdo,  tfie  viscera  of  the 
knimol  nccupiug  uuly  h  titnall  purtioD  of  the  aul«riur  purt  of  the 
body.  Each  electric  org&o  couHUits  of  u  Beriea  uf  horizoDtal 
membraueB  or  platea  arrauged  la  the  longitudinal  nils  of  the 
body  nearly  panJlel  to  each  other.  The  organ  thus  reaemblea 
a  8eriv«  of  gnlvtiaic  troughs.  Ea^h  trough  in  iliTided  by  thin 
vertical  huninie  or  diaphrngina.  Each  lamina  in  nut  simple,  as 
ta  the  torpedo,  but,  according  to  PLUTciui,*  it  couHiitU  of  two 
layufl  Beponted  by  a  Suid.  The  posterior  layer  ia  a  delicate 
fibrous  stnietiire,  and  in  it  idone  the  nerves  ramify.  It  ia  the 
piwUve  clement  of  the  battery.  The  anterior  is  composed  of 
TiBCUlar  nucleated  tissue,  and  it  is  the  negative  element  The 
fluid  between  the  two  layers  of  the  lamiua;  Uitfera  in  churacter 
from  that  iu  the  intenpace  between  the  posterior  layer  and 
tlie  anterior  of  the  next  laminio,  but  bolb  fluida  ai'e  of  on 
KlbaminouB  uharai:ter.  The  electric  battery  of  a  gymnotiis, 
therefore,  doea  not  resemble  a  voltaic  pile,  with  one  liquid,  but 
k  roLtaic  battery  with  two  liquids.  In  the  gymuotua,  the 
b«tl«nM  are  horizoutal  and  tlie  plates  vertical,  the  oppodite 
vnuigement  to  that  dexinibed  in  tlic  torpedo.  The  electric 
OTgane  are  richly  supplied  by  the  alidomijial  branches  of  the  apiual 
oeiTei,  and  it  is  remarkable  iJiat  they  receive  no  braiiuhes  from 
ths  trigeminal  and  vngus  which  supply  those  of  the  torpedo.t 

3.  The  Ma("ptfrurus  tleclricv*,  Uaa»cli,  or  thunder-li^  of  the 
Anbe,  is  a  native  of  the  Nile,  Niger,  and  other  African  rivers; 
Hie  electric  organ  foruis  a  layer  beneath  the  skin  enveloping 

.  fJte  whole  body  with  the  exception  of  tJie  heuil  and  tins.  An 
>  JMulating  layer  of  fat  separates  it  from  the  subjacent  muscles. 
Hm  laminw  ore  traversed  by  numerous  very  delicate  decusaating 
nembnuies  which  divide  it  into  lozenge-slutped  cells  filled  with 
Iboniinoiis  lluid.  A  large  nerve  trunk  from  the  commenue' 
nmt  of  the  cord  supplies  the  organ.  Tliin  is  distribuleil  to  the 
abikilililial  or  posterior  aurfiice  of  electrical  lamiuto,  forms  a  cou- 
oidal  expanMon,  and  then  pierces  the  centre  of  the  plate,  ilis- 
tribnting  its  brnuchus  to  the  thoracic  or  anterior  surface,  which 
it  the  pueitive  one.J 

4.  tn  adilitiuu  to  tliese,  the  Monnyrat  loiigipiunif,  a  fish  allied 
to  tbe  pike  family,  found  iu  the  Nile  ;  the  Rhinobatiti  electrimu,  a 

edaX,  Qp.  Oil.  t  Owm.  Op.  Cit. 
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ray  from  Brazilliau  watei-s  ;  the  Tetraodon  deetricut,  a.  apecies  of  \ 
globe*fisli  inhabiting  the  Nile  \  the  GyTanarchia  tlectrictu,  , 
e«'l  also  foiuid  in  the  Nile  ;  and,  the  TriphiVfTiu  eleclricut,  « J 
ribl>OD-!ike  fish  fouDil  iu  the  IdUIbh  Ocean,  are  said  to  posBW><  1 
electricftl  propertiea,  but  not  to  the  extent  miinifeHted  hy  Um  T 
three  fishes  we  have  more  particularly  describeA  Iu  thft'] 
common  skate,  Raia  hattt,  there  is  an  organ,  iirat  deembed  1^  J 
Dr  Stark  in  19-14,  and  afterwards  by  Robin,*  which  structurally  J 
resembles  a  voltaic  pile,  but  its  electro-motor  power  has  nererl 
been  tested.  + 

Geiutnd  projiertit*  of  dectn-cjithat. — The  electricity  generate 
by  these  tishea  has  considerable  teurion,  anil  is  capable  of  d»>l 
veloping  the  electric  Bpark,  of  magnetising  steel,  of  decoinposii^a 
iodide  of  potassium,  and  of  atfectiugagiilviuiometeT.t  Inord 
lo  receive  a  shock,  au  aiLimal  must  be  in  communication  with  \ 
the  electric  fish  at  two  (mints,  so  as  to  complete  the  cir 
the  circuit  may  be  completed  by  the  earth.  According  to 
Matteucci  and  Sftvi,§  an  insulated  frog'a  leg  does  nitt  contract 
when  the  extremi^  of  the  nerve  attached  to  it  is  brought  into 
contact  with  a  torpedo,  but  the  instant  a  aeconil  point  of  contact 
ia  made,  powerful  contraction  ensues.  Matteucci  also  found 
that  while  the  electric  organ  was  in  operation  no  current 
traversed  the  nerves.  According  to  Bilharz,[|  the  nerves  are 
always  diatributed  to  the  pcuitive  side  of  the  electrical  plal«,  a 
law  which  anatomical  research  bos  fully  confirmed.  Thus  in 
the  torpedo  the  electric  current  pasaeg  from  the  belly  to  the 
back  ;  in  the  gymnotut  it  passes  fi'om  the  tail  to  the  head,  and 
the  most  powerful  shock  is  experienced  on  graoiiing  the  head 
with  the  right  hand  and  the  tail  with  the  left.  As  the  hands 
are  approximated,  the  shock  becomes  weaker.  In  the  malap- 
terunu  the  current  flows  from  the  head  to  the  taiL  The  gym- 
notus  transmits  a  more  powerful  shock  than  the  torperlo,  and 
HuDilMildtH  slates  that  so  powerful  an  animal  as  the  horu.  J 
may  be  killed  by  a  full  growii  gymuotua. 


]ll STORY. 

The  phenomena  luonifeBted  by  electric  fiahes  are  of  great 
interest,  because  they  afford  an  instance  of  the  relation  exist- 
ing betweeu  vital  and  {ihysiciJ  forces.  That  the  organs  can 
develope  electricitj  to  a  considerable  amount  only  when  pro- 
vided with  a  proper  nervous  supply,  is  proved  by  the  fact 
that  when  the  nerves  are  divided  no  shock  is  transmitted, 
but  on  irritating  the  distal  end  of  the  nerve,  the  electric  dis- 
cliarge  ia  at  once  felt.  Matteiicci,*  however,  states  that  when  a 
fragment  of  the  electric  orj^  of  a  torpedo  was  brought  into 
connection  with  a  galvanometer,  the  needle  was  deflected  to  an 
angle  of  from  twenty  to  thirtydegreeB,indicating  that,  for  a  time, 
the  electric  organ  retains  a  portion  of  it«  activity  even  after  all 
nervous  and  vascniar  connection  had  been  severed.  The  b 
influence,  transmitted  from  the  nervous  centres  of  the  animal, 
|>rohably  excites,  in  some  way  or  other,  nutritive  changes  in 
particular  portions  of  the  battery,  electrical  disturbance  ia  thus 
oocaaioued,  and  a  current  passes  through  the  sti-ucture.  This  is 
produced,  according  to  Du-Bois  Reymond,  by  the  same  polar 
action  (M  eKists  iu  muscles.  Asthe  battery  in  all  electrical  jishes 
ts  imperfectly  insulated,  being  surrounded  by  water^a  good 
conducting  medinm^a  large  quiintity  of  electricity  is  lost  by 
diAiBiain,  but  so  much  electricity  is  evolved  that  the  animal 
can  a&ord  to  lose  a  proportion  of  it.  When,  as  a  result  of  irri- 
tation, a  torpedo  sends  a  shock  to  the  body  of  an  animal,  the 
Dwchaniam  of  the  act  is  that  of  a  reflex  tir  diastaltic  action  (see 
Keflex  Action) ;  and  it  is  oonfirmatory  of  this  view,  that  such  a 
poiaon  aa  strychnia,  which  excites  the  reflex  motor  centres,  causes 
the  electric  organs  to  emit  a  quick  succeasion  of  involuntary 
electric  disohnrgT'tj,  a  fact  observed  by  Matteucci  and  Savi.  But 
the  action  is  also  under  the  control  of  the  will  of  the  animaL 
On  tnuuimittiug  aevemJ  powerful  shocks  the  electric  organ  is 
'  "j*  exhausted,  and  the  a|iin»\l  requires  an  interval  of  repose 
Kirishmeut  to  recover  the  loss  of  nervous  energy  it  has 


Elbctricitt  m  the  Animal  Tissdes. 

The  electrical  phenomena  manifested  by  living  muscle  and 

aerVB  have  already  been  brietly  referred  to{pp.83and97),andthe 
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methods  of  demooBtrHting  these  BiicceBsfull^  will  be  fullj  ex- 
pkiiiieil  in  treating  of  Pmctical  Phyaiology.  Aa  this  subject  il 
of  great  physiological  interest,  it  will  be  instructive  to  tracci 
briefly  its  rise  in  tlie  eod  of  the  last  century,  aocl  its  progvGM 
since  that  time. 

The  discovery  of  animal  electricity  dates  from  178(1. 
is  said  that  Madame  Galvani,  isa  preparing  some  froga  for 
culinary  purposes,  observed  that  the  ajijiansutly  dead  auim&ls 
became  convulsed  when  brought  into  tfae  aeighbourhoud  of  nu 
electrical  machine  in  actlou.  Her  husbaud,  who  w.ia  Professor 
of  Anatomy  and  Physiology  in  Bologna,  hud  hia  nttention 
directed  to  theae  phenomena,  and  fouud  that  tli«  coDvulsions 
occurred  at  the  instant  a  spark  was  emitted  from  the  conductor, 
provided  some  metallic  substance  was  in  contact  with  the  ceire 
of  the  frog.  He  then  tried  the  same  experiment  with  lightning, 
and  in  the  autumn  of  the  same  year  hu  endeavoured  to  discover 
tie  action  of  atmospheric  electricity  on  the  prepared  legs  of  a 
frog  when  the  sky  was  stonulesa.  On  the  20th  of  September 
he  BUS|>ended  these  frogs  to  the  iron  trellis-work  surrounding 
the  roof  uf  his  house,  by  means  of  copper  hooks,  and  saw,  when 
they  were  blown  about  by  the  wind,  that  convulsions  were 
caused  whenever  they  came  in  contact  with  the  iron.  This 
olwervntion  convinced  him  that  an  electrical  machine  was  not 
required,  the  same  effect  being  produced  on  the  contact  of  dis- 
similar  metals  (PL  VIII.  fig.  33).  He  at  length  concluded  that 
the  convulsions  were  due  to  inherent  electricity,  th&l  is,  electri- 
city seated  in,  and  originating  from,  the  aninud  tisnies. 

Galvani  published  an  account  of  his  experiments  in  1791. 
At  this  time  the  esistenee  of  a  "  nervous  fluid,"  a  something 
which,  if  not  life  itself,  was  considered  inseparable  from  it,  was 
keenly  debated  by  the  learned,  and  contended  for  by  the  ani- 
mist&  Oalvani's  discorery,  therefore,  riveted  the  attention  of 
ths  scientific  world — electricity  took  the  place  of  the  nervona 
fluid,  and  the  entire  source  of  life,  as  well  aa  the  origin  of  the 
bwlily  and  mental  functions,  were  now  ascrilied  to  the  existence 
of  a  new  piinciple,  which,  from  the  name  of  its  discoverer,  was 
called  Galvanitm. 

Among  the  many  distinguished  men  whose  attention  was 
attracted  towards  Galvani's  discovery,  the  moat  remarkable  wM 
Alexander  Volta.  He  was  a  physicist  and  professor  of  Natural 
PluloHophy  in  the  University  of  Pavia.    At  first  he  entered 
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fnlly  into  the  views  of  his  coimtryrnaji,  and  repeated  his  eiperi- 
meulA     But  in  liie  bauiJa,  galvuiidm,  instead  of  taking  it  pbysio- 
]apcai  nod  medical,  took  a  physical  direction.      Finding  that 
Biuacular  contractions  in  a  frog  could  be  produced  only  by  the 
contact  of  diBsimilfir  metals,  he  at  lotigtti  iliaaented  from  Gal- 
vaui's  theory  of  animal  electriinCy.     Trying  by  the  mine  means 
to  produce  muscuhir  coDti'actious  iu  the  hiuuoD  body,  he  fniled. 
But  on  placing  a  metal  abure  and  Itelow  the  tongue,  he  detected 
a  peculiar  taste  at  the  instant  of  contact     This  experiment  had 
Iwen  previously  recorded   by  Snlzer,  and   laid   aside  only  aa 
curiuuH,  but  in  the  hands  of  Vulta  it  become  the  groundwork  of 
chemical,  or  what  has  Ireen'i'jtUod  VtJliiic.  electricity.     In  oppo- 
sition ta  Galvnni,  therefore,  he  put  forth  the  opinion  that  tlie 
nuaciilar  contractions  in  the  frog  bnd  notbiug  to  do  with  ani- 
mal, but  were  caused  by  a  very   feeble  artifieial,  electricity, 
whicA  was  produced  by  the  application  of  heterogeneous  mctaJa 
U>  the  limbs  of  the  animals. 
In  reply  to  this  attack,  tiaWani  pointed  out  that  the  con- 
I  tmctions  might  be  occaBioncd  by  one  metal,  hut  Volta  then 
[  showed  that  the  two  extremities  or  surfucea  of  one  piece  of 
I   might  be   iu  different  states  of  tension,  and  therefore 
C  capable   of  exciting   electricity.      Galvani  then  used  mercury 
,  to  which  this  objection   could  not  apply,  and   dipping 
luseles  into  one  part  of  a  trough  filled  with  it,  and  th« 
•  into  another,  he  thus  suct.'eeded  in  causing  contrac- 
Bul  Volta,  by  a  new  series  of  eiperimenta,  demoDHtrat«d 
I  that  mercury  was  always  altering  under  the  action  of  the  air, 
i  that  in  conjunction  with  moiatiire,  it  could  produce  elec- 
L  tricity  inde|ieudvDt  of  an  animal.     It  now  became  DccesBaiy  for 
I  0*lvanl  to  Hliew  that  contractions  couhl  be  obtained  without 
I  may  metal  at  all,  and,  aided  by  his  nephew  AJdtni,  he  succeeded 
I  in  doing  to,  and,  as  he  thought,  in  for  ever  silencing  bin  forrnid- 
*  la  opponent.     In  fact  ho  discovered  that  on  dissecting  out  the 
I  crunl  nerve,  but  leaving  one  end   in  coimection  witli  the  leg, 
d  bringing  this  nerve  tn  contact  with  the  muscles  eztemally, 
I'  tha  latter  were  thrown  into   distinct   contractions.      He  also 
[  caused  the  timb  to  contract  by  simply  bringing  the  nerve  in  con- 
I  tftct  with  the  musde  of  another  animal  insulated  from  the  limb. 
Hi*  theory  of  auiin&l  electricity  now  was,  that  it  was  produced 
'  >  nervous  system,  and  especially  in  the  cerebrum.    The 
iJ  anbotance  of  nerves  he  cODsidered  to  have  great  con* 
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ducting  powers,  bnt  their  oily  eiirfaces  prevented  dispersion  1 
through  the  bodj,  and  allowet)  its  accumulation  in  the  mUBcles.  1 
These  last  he  compared  to  a  Lejden  jar,  the  outer  surfiice  being  I 
negative,  the  internal,  positive.  The  nerve  was  analogous  to  I 
the  conductor  of  the  jar.  When  the  nerve  eonnecta  the  Ji 
with  the  outer  Burfoce  there  id  a  dincharge  of  electricity,  causing  I 
irritation  and  contraction  of  the  muscles. 

Voltn  at  lirat  endeavoured  to  meet  theae  facts  by  the  suppou-  1 
tion  of  a  mechanical  stimulation  of  the  nerves,  but  at  length  J 
ihewed,  that  if  not  cansed  by  metals,  it  was  necessary  that  then 
should  be  di""'"' '!'■■''  fluids  nnd  tisBues  which  wore  capable  of 
exciting  electricity.  It  was  admitted  even  by  Galvani's  followers 
that  it  was  essential  to  the  8uc«as  of  the  experiment  that  the 
muscle  with  which  the  nerve  was  in  contai-t,  should  be  moistened 
with  blood  or  some  thick  fluid,  and  if  by  any  accident  the  timb 
remained  motionless,  it  was  only  necessary,  in  order  to  induce 
muscular  contractions,  thnt  the  parts  to  be  brought  in  contact. 
should  be  moistened  with  saliva,  brine,  mucus,  &c,  or  still 
better,  with  soapy  water,  and  beat  of  all,  with  a  strongly  acid  or 
alkaline  fluid. 

Galvani,  in  several  letters  to  Spallanzani,  endeavoured  to 
weaken  the  force  of  these  arguments,  as  did  Humboldt,  wbu 
shewed  tliat  contractions  resulted  when  the  circuit  consisted  only 
of  nerve  and  muscle,  without  the  interposition  of  blood,  mucus, 
'  &&  {PI.  VIII.  tig.  ^4).  But  about  this  time,  1788,  Galvani  fell  ill, 
and  died  on  the  4th  of  December  of  that  year,  Volta's  experi- 
ments, on  the  other  hand,  were  continued  with  unabated  energy, 
and  towards  the  end  of  1799,  he  discovered  the  Voltaic  battery, 
whereby  his  opinions,  and  the  production  of  electrici^  by  the 
contact  of  metals  and  a  fluid,  was  completely  proved.  This 
great  victory,  which  Galvani,  by  his  death,  escaped  the  morti- 
fication of  experiencing,  notwithstanding  the  support  of  Hum- 
boldt, Aldini,  Pfaff,  and  a  few  others,  overthrew  the  idea  of 
an  animal  electricity  for  the  space  of  twenty-eight  years. 
During  this  period,  indeed,  its  existence  was  generally  regarded 
with  incredulity  j  and  the  term,  animal  tnagnttiitm.  adopted  by 
impostors,  only  tended  to  bring  it  still  more  into  contempt. 
Volta  died  in  1 RS6,  and  it  is  curious  that  only  a  year  afterwords 
Hobili  again  revived  anim^  electricity,  by  demonstrating  the 
existence  of  an  electrical  current  in  the  frog.  In  the  interval  of  _ 
twenty-sight  years,  Voltaic  electricity  made  the  most 
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progreas.     In  the  hands  of  Sir  EumphMj  Davy  it  led  to  the     ' 
most  lirilUant  diacoveries  m  chemistry,  and  its  subsequent  appli- 
cations  to  the  production  of  motor  power  in  various  ways,  and 
to  eommiinieation  between  distant  [larts  of  the  earth,  constitute 
I  the  wonders  of  physical  science  in  the  present  a£e. 
'       In  18S0,  Oersted,  a.  Duiisb  philosopher,  discovered  electro- 
nugneUBm.    He  shewed,  kb  has  "been  already  exjilainecl  (p. 
148},  that  when   a  continuous   galvanic  cuirent  passes  along 
«  wire,   pluced   above   or   below,  and  parallel   U)  a  magnetic 
needle,  the  latter  is  immediately  deflected.     This  led  Ampere 
to  construct  the   astatic   needle,   as    previously   described   (p. 
149),  and  in  turn,  enabled  Nobili  to  construct  a  galvano- 
meter,'*  which  he  rendered  ex(|uiBitely    sensitive   by  various 
improvcmenU.      He  pre^iared  a  frog  after  the  method  of  Gal- 
vani,  and  having  introduced  its  two  legs  into    two  glasses 
cd  salt  water,  he  united  the  two  vessels  by  filaments  of  moist 
cotton, — the  frog's  muscles  at  once  contracted ;  removing  the 
'  ODlfou,  he  connected  the  two  glusses  by  means  of  the  gal- 
r  circuit,  and  he  observed  a  deviation  of  from  10"  to 
t  3(r,  sluswiug  that  an  ^ectrical  rurrenl  Ktu  pamng  from  the f tit 
I  (e  M«  htad  of  the  animal.     By  introducing  several  frogs  into  the 
k  eiicuit,  be  increased  the  strength  uf  the  current.    The  gulva- 
r  of   Nobili  enabled  phyaiologisto  to  demonstrate  that 
r  Qalvani  and  Volts  were  both  right  and  both  wrong.    Oalvani 
M  right  in  maintaining  the  existence  of  an  inherent  animal 
I  cleotricity,  whilst  he  was  wrong  in  auppoaing  that  the  contact  of 
I  two  metals  witli  the  tissues  was  a  proof  of  this.     Volta,  again, 
\  was  right  in  maintaining  that  galvanism  could  be  produced  in- 
I  dcftendently  of  animals,  but  wrong  in  denying  that  electrical 
I  eomotfl  eiist^d  in  them,     fi;  the   astatic  needle,  n     ~      ~  ' 
1  BeTinond  happily  remarks,  metallic  electricity  was  enabled  to 
B  for  the  wrong  slie  had   done  to  her  more  tender  twin 
[  alstor  in  their  earlier  years, 

Whilst  Nobili,  by  bis  conxtruction  of  a  galMinomifter,  was  of 
llcaMUtial  service,  he  was  led   into  an  error,  viz.,  that  the 
B  of  the  needle  was  due  to  therm  o-electridty.     It  was 
I  later,  in   l«37,  that  Professor  Matteuect,    of  Pisa.t 
1^  that  to  obtain  a  deviation  of  the  (galvanometer  needle, 
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it  was  not  necesaary  to  prepare  the  fri^  according  to  flali 
method.    On  connecting  ■inj'  two  parte  of  its  body, 
tunple,  the  head  and  legs,  by  meuna  of  the  galvanometer,  he 
once  obtained  a  deviation.     la  1841,  he  advnnced  the  foUnwiu^l 
Iftw  :— "  The  interior  of  a  muscle,  jilaced  in  oonneetion  with  anjf 
part  whattiVBr  of  the  soms   animal,  Buch  a«  nerve,  surface 
muscle,  skiu,  &c-,  produc«8  a  current  which  goes  in  the  anin 
from  the  muscular  part  to   that  which  is  not  bo."*     In  this 
paper,  he  first  deacribed  hin  mvncular  pUe,  consisting  of  about 
twenty  frogs'  thighs,  roughly  cut  across,  and  arranged,  as 
in  Plato  VIII.  fig.  35.    By  connecting  the  «tun»p  of  the 
with  one  wire  leading  t^  the  galvanometer,  and  the  section 
the  femur  with  the  other,  the  needle  was  at  once  deflected 
as  to  indicate  a  current  passing  upwards  in  the  pile  from  the 
knee  to  the  tliigh.    He  considered  this  to  be  a  current  different 
from  the  frog  current  of  Nobili,  and  he  held  that  the  frog  had 
two  currents,  (1.)  The  muscular  current  (Nobili's) 
ail  ftiiimala  ;  and  (2.)  The  speciiil  current,  evolved  by  the  mus- 
cular pile,  peculiar  to  the  frog. 

In  1841,  Professor  Eniil  Du  Bois-Reyniond,  of  Berlin, 
peated  Matteucci's  experiments,  and  further  investigated 
snbject  with  the  aid  of  the  must  delicate  galvanometere, 
other  ingenious  apparatus,  TOnstructed  by  himself.  ~ 
length  elucidated  tlie  law  of  the  mutcular  current  as  at  present' 
uuderstood.  This  law  may  be  slmrtly  ei()re8Hed  as  follows  :- 
"  Ani/  poiiii  of  ilu  nalural  or  anijicial  Itn^udintU  action  of  ike 
mugde  u  poiitioe  in  Ttlalian  to  ang  point  o/tht  natural  orarli^fieial 
Cranaverie  ieetiim."f  By  "longitudinal  section,"  is  meant  the 
surface  formed  by  the  side  of  the  muscle,  or  by  the  sides  of  tha'. 
muscular  fibres,  when  theae  are  separated  from  each  other  y, 
and  by  '■  transverse  section,"  is  meant  a  surface  formed  by  th»' 
base  of  the  fibne.  Both  transveree  and  longitudinal  sections 
may  be  natural  or  artificial.  Tliis  muscular  current  may  be 
found  in  the  muscles  of  all  animals,  and  there  is,  acccording  to 
Du  Boifi-Reymond,  no  current  peculiar  Ui  the  frog,  as  Mntteucd 
suppowd.  From  this  period  a  new  impuliie  was  given  to  experU 
mental  phyuology  by  the  aid  of  modem  instrumenta 
precision. 
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ThtoTftieal  EfpUmationa  </  the  Muaeular  Current. — I>u  Bois- 
Biiynioud  dupposes  that  a  musuular  fibre  is  compoHed  of  electrical 
moleculea,  which  he  calls  ptripolar  Koieeula,  each  molecule 
liAviiig  an  equatorial  belt,  tuAnifustiug  positive  electricity,  placed 
between  two  polar  regions  occupied  by  negative  electricity. 
(See  PL  nil.  fig.  36).  When  n  transverse  eectiou  of  muacle  ia 
nude,  the  negative  poles  of  the  component  molecules  will  bo 
laid  bare,  and  thos  the  sectioii  will  shew  negative  electricity, 
and  as  the  equatorial  belts  of  positive  electricity  ore  directed 
lawards  the  lougitudiuoj  surfac'e,  that  surface  will  shew  positive 
electricity.  Du  Bois-Beymond  has,  indeed,  constructed  an 
kppanlUB  which  illustnites  his  hypothesis  of  the  electro-motor 
oonstitueuts  of  a  muscle.  This  consists  of  a  number  of  small 
I^Uudera  of  copper  (negative  element),  having  two  small  strips 
of  sine  (positive  elumeut)  soldered  to  their  outer  surface,  facing 
«Mh  other  on  opposite  aides.  These  are  fastened  in  rows,  by 
their  ends,  tu  a  board  provided  with  a  haudle  on  it«  upper 
■orfiKe.  8uch  a  combination  as  this,  when  immersed  in  a  fluid, 
bam  produced  a  current  cort'espouiling  to  the  muscular  ctirrent, 
goitig  from  the  longitudinal  to  the  tnuisverse  section. 

Dr  C.  it.  Radelitfc,'  of  Iiundoii,  bos  advanced  the  hypothesis, 
thftt  in  a  muscular  fibre  two  sets  of  electrical  molecules  exist, 
the  one  set  in  which  positive  electricity  is  external  aud  negative 
internal,  arranged  round  the  outside  of  the  fibre  ;  the  other  set 
a(  molecules  in  which  the  negative  electricity  is  external  and 
positive  internal,  being  placed  in  the  core  of  the  fibre  {PI.  VIII. 
fig.  37).  Thus  the  longitudinal  surface  wilt  be  positive,  because 
it  ia  formed  of  molecules,  the  external  surfaces  of  which  are  posi- 
tive; aud  the  tnuiBverae  surface  will  be  negative,  because  molecules 
will  be  laid  bare,  the  external  surfaces  of  which  are  negative. 

J'ar-ekelronomij, — This  term  (a-afiH/ui,  contrary  to  tale),  i» 
applieilby  Du  Boi>)-Reymond,to  describe  the  electrical  condition 
of  the  layer  of  muscle  next  a  tendon,  or  of  muscle  which  has 
been  subjected  to  great  cold.  When  a  muscle  so  prepared,  that 
buteftd  of  making  ou  artificial  tr&nsveree  section,  the  tendon  is 
employed  as  a  natural  transverse  section,  is  introduced  into 
the  galvanometer  circuit,  there  is  a  deflection  of  the  needle  so 
M  to  indicate  either  a  very  weak  current  in  the  usual  direction 
troBX  the  longitudinal  to  the  tianaverse  section,  or  a  current  in 
the  ravetse  direction.     To  exphun    this,  Du  Bois-fieymoud 
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modified  his  theory  of  peripolar  raoleuulea,  and  conjectnreB  that 
muBcte  is  made  of  dipolar  molecules,  with  their  positive  poli 
coataet,  aiid  their  negative  poles  away  from  eiich  other.     Now,  .] 
if  the  Uyer  next  the  t«adoD  cunsists  of  one  set  of  such  moteculea, 
they  must  have  their  positive  polea  next  the  tendinous  surface. 

Electricai  Mate  of  a  musde  during  contnution. — Wlien  a  por- 
tion of  muscle  is  properly  ptnced  in  the  galvanometer  circuit, 
there  is  a  deBection  of  the  needle  to  an  extent  proportionate 
to  the  strength  of  the  current.  If,  after  allowing  the  needle 
to  come  to  rest,  the  muscle  he  now  thrown  into  a  state  of 
contraction  by  any  irritant,  such  as  strychnine,  commc 
or  an  interrupted  current,  the  needle  at  once  returns 
direction  of  zero,  and  after  oscillating  for  a  few  seconds,  comes ' 
rest  near  to  but  seldom  at  that  point.  The  muscular  current  ~ 
been  diminished.  OcoaaiomUIy  the  needle  will  pass  to  the  other 
or  negative  side  of  zero.  When  this  takes  place,  the  phenomenon 
is  termed  ntgattBe  variation,  and  is  the  result  of  another  counter 
current  produced  at  the  electrodes,  and  which  acts  when  the  ordi- 
nary muscidar  current  is  weakeneti  or  destroyed  by  contraction." 

When  the  two  hands  are  introduced  into  the  circuit  of  the 
galvanometer  iu  the  manner  to  be  described  in  treating  of 
Practical  Physiology,  we  find  no  deflection  of  the  needle  till 
the  muscles  of  one  of  the  arms  are  caused  to  contract,  wheB 
there  is  a  alight  deflection  of  the  needle  indicating  an  upward- 
current  in  that  arm.  On  contracting  both  arms  we  get  irregular 
deflections.  This  current,  developed  during  contraction,  is  tha 
negative  variation  of  the  muscular  cuiTent  of  the  limb.  While 
the  muscles  of  both  arms  are  inactive,  their  currents  1;eing  both 
feebly  positive,  are  in  equilibrium,  anil  there  is  no  deflection  of 
the  needle;  but  on  the  muscles  of  one  arm  only  being  contracted, 
it  becomes  negative,  and  gives  rise  to  a  slight  deflection  of  tba 
needle. 

iiatteuceCti  teeondary  contraction. — When  two  frogs'  limbs, 
prepared  according  to  Galvani's  method,  one  having  the  sciatic 
nerve  dissected  out,  are  placed  near  each  other  on  an  insu- 
lating plate,  it  will  be  found  that  if  the  nen'e  of  the  one 
limb  be  laid  on  the  muscles  of  the  other,  and  a  shock  is 
given  to  the  latter,  the  muscles  of  the  other  limb  will  coutroct 
In  like  manner,  if  two  nerves,  each  connected  with  a  limb,  x 
laid  on  each  other,  an  electrical  shock  to  one  liinb  will  at  on 
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induce  contraction  in  the  other.  This  Becondaiy  coQtntctiou  is 
the  result  of  the  negative  variatioo  of  the  ordinaiy  muscular 
eoirent  produced. 

CWaneoiu  eurraiU. — Du  Boia-R^ymond'"'  also  found  on  ap- 
plying m  piece  of  the  skin  of  a  trog  to  the  cudhioiiH  of  the  gfd- 
TiuiMneter,  that  there  won  n  dietinct  current  Sowing  from  the 
external  to  the  internal  sll^faI^e,  whicli  was  eaailj-  destroyed  by 
the  application  of  irritants,  for  e£a.mple,  saline  Holutioua, 

Jterm  cHrraU. — Du   Bois-Geymond  discovered  that  when  a, 
portion  of  nerve  is  introduced  into  the  galvanometer  circuit, 
M>  that  the  longitudinal  tiurfuce  is  in  contact  with  one  elec- 
trotode,  and  the  tronsverm  with  the  other,  there  ia  a  diatinct 
but  comparatively  slight  deflection  of  the  needle  indicating  a 
,  carrent  running  from  the  longitudinal  (positive)  to  the  trana- 
iranw  (negative]  surfat^a. 
J^^tiU  of  ttectncity  on,  nerve*.  —  An    interrupteid    galvanic 
[  eoirent  IranHuitted  along  a  nerve  weakens,  and  if  too  long 
oon^ued,  destroys  the  nerve  current  and  the  excitability  of 
\  the  nerve.    But  if  a  constant  galvanic  stream  be  sent  along  a 
portion  of  nerve,  it  is  tUrown  into  a  peculiar  condition,  called 
I  bj   Dn   Bois-R«ymond   the  dtetrotonie  atale   (ilxiKrfii,  electri- 
\  atj ;  «Hf,  tenaion.    This  term  was  first  used  by  Faraday  to 
f  litMrtbethe  peculiarmolecular  condition  of  a  wire  traversed  by  a 
I  muient  of  electricity.      If  the  constant  streum  passes  in  the 
kl  direction  of  the  nerve  current,  this  electrotonic  state  is 
t  aogmentad  ;  if  in  the  contrary  direction,  it  is  diniinifihed.    WhUe 
K  portion  of  nerve  is  in  an  eleotrotonic  stale,  it  may  be  shewn 
I  MCperimentally,  as  will  l>e  fully  described  under  the  head   of 
PiBotical  Physiology,  that  its  physiological  action  has  under- 
gone certain  modiilcBtious.     For  the  sake  of  cleamesti,  we  shall 
nbdivide  this  physiological  action  of  the  nerve  as  follows, — 
I.  i(a  electric  power,  or  power  of  evolving  electricity  ;  2.  ita 
I  condnctibDity,  or  power  oif  conducting  the  induence  of  impres- 
I  nana  ;  and,  3.  its  excitability,  that  in,  the  property  of  nerve  in 
I  virtue  of  which  it  is  cajKible  of  receiving  imjiresaionR  and  gene- 
.   nting  an  influence. 

While  a  portion  of  nerve  is  traversed  by  a  constant  current, 

it  ia  divided   by   a   neutrnl   point,  situated   between   the   two 

I   polea,   into    two  areas.      The  area    in  the   neighbourhood   of 

the    pooitivG    pole    is    temiinl    the    anelectrotuuic    area   {ior, 

•  Bu  Bnu-Rrymoml,  Op.  CiL 
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upworda ;  i(>.ii>r{«,  dectriuit^  \  and  vixt,  teneioD)  while  that 
in  the  neighbourhood  of  the  negutive  pole  is  termed  the 
cathelectrotoniu  area  («"Ti,  liovrnwiirdB  ;  nXinTf.r,  electricity  j 
&ud  nuif,  teosiun).  The  BJielectrotouic  nrea  extends  for  souiie 
distance  outside  the  positive  pole,  luid  the  cftthelectrotonio 
ares  for  some  distance  outside  the  Dtgative  pole.  The  posi- 
tion of  the  neutral  point,  or  point  of  indifference,  that  ia  the 
point  where  the  nerre  ia  neither  in  a  cathelectrotouic,  nor  in  an 
auelectrotoniu  Btnte,  and  the  eirtent  of  the  cathelertrotonic  and 
anelectrotonic  areas  is  determined  by  the  Gtreugth  of  the  elec- 
trical current  transmitted  through  the  nerve.  With  a  current 
of  medium  strength,  the  neutral  point  ifleiactljmidwaj  between 
the  two  poles,  and  the  two  ai'eaa  are  equal  in  extent,  as  will  be 
seen  in  the  following  diagram  ; — 


I 


Witli  a  weak  current,  the  neutral  point  ia  nearer  to  the  poaitive  I 
than  to  the  negative  pole,  and  the  greater  portion  of  the  nerv 
in  a  vathelectrotunic  condition,    llius : 


WtaJi  Cmrnt. 


With  a  strong  current,  the  neutral  point  ia  nearer  to  the  neg:a-  I 
tive  than  to  the  positive  pole,  and  the  greater  portion  of  tlte  | 
nerve  is  in  tu  aneleclrotonic  condition.    Thus : 
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Of  course  intermediate  strengtliB  of  the  current  will  cause 
intermediate  positions  of  the  neutral  point. 

Pfliiger  discovered  that  uuder  these  circumstances  the  excita- 
bility and  conductibilitj  of  the  nerve  are  diminished  in  the 
neighbourhood  of  the  positive  pole,  while  its  electric  power  is 
increased  ;  but  the  excitability  and  conductibility  of  the  nerve 
are  increased  in  the  neighbourhood  of  the  negative  pole,  while 
its  electric  power  is  diminished.  In  other  words,  when  a 
portion  of  nerve  is  in  the  anelectrotouic  condition,  its  power  of 
receiving  impressions  is  diminished,  it  does  not  conduct  nervous 
force  so  rapidly,  but  it  evolves  more  electricity  than  it  would  do 
in  the  normal  state.  The  reverse  is  the  case  when  a  portion  of 
nerve  is  in  the  cathelectrotonic  state.  It  is  then  more  excitable, 
conducts  nervous  force  more  rapidly,  but  its  power  of  evolving 
electricity  is  diminished. 

These  results  may  be  impressed  on  the  memory  by  the  aid  of 
the  foUowing  table  : — 


Statb  of  Nkrvb. 

Anelectrotonus 
Cathelectrotonus 


FUHCnON  OF  Nkrvb. 


Electric  Power.     Conductibility.        ExciUbility. 

Increased.       Diminished.     Diminished. 
Diminished.    Increased.        Increased. 


PflUger't  Law  of  Contraction, — By  the  law  of  contraction  is 
meant  all  the  actions  which  a  muscle  exhibits  on  opening  or 
closing  a  current,  varying  in  strength  and  direction,  passing 
through  its  nerve.  Many  of  the  earliest  experimenters  in 
electro-physiology  were  struck  by  the  fact,  often  observed,  that 
a  feMe  current  of  electricity  acting  on  a  nerve  will  cause  con- 
traction in  a  muscle  when  a  strong  current  fails  to  do  sa  It 
was  also  observed  that  while  a  constant  current  was  flowing 
through  a  portion  of  nerve  attached  to  a  muscle,  the  muscle  con- 
tracted only  on  opening  and  dosing  the  current,  and  not  during 
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the  passage  of  the  ciirrent  But  the  miiacle  sometimes  con- 
tracted, Bometimes  it  did  not.  NumerouH  experimeuts,  made 
by  Du  BoJH-Reymond,  Eckhard,  Pfoff,  'Hitter,  Nobili,  Pfiiiger. 
Schiff,  Wuudt,  CI.  Bemaid,  Fick,  and  C.  Bland  Radcliffe,  have 
shewn  that  Die  phenomenon  of  the  contraction  of  the  musde  ia 
influenced, /r4(,  by  the  direction,  and,  tecond,  by  the  irtrength  of 
the  L-urrent  sent  through  the  nerve.  In  the  description  of  tbeae 
phenomena,  phyaiologisfs  have  made  use  of  certain  tcmiH  it  ia 
necessary  to  explain.  When  the  current  ia  transmitted  from 
the  muscle  in  the  direction  of  the  spinal  cord,  the  current  ia 
called  an  itpirard  and  inward  or  UTttriprtal  current  ;  when  from 
the  cord  in  the  direction  of  the  muscie,  it  ia  called  a.  doumeard 
and  outwia^  or  cerUnfiigal  current.  When  the  current  was. 
derived  from  only  one  of  Grove's  cells,  the  strength  of  the  cur- 
rent is  described  as  ■weai;  when  from  two  or  three  of  Grove'a 
cells,  as  medium;  and  when  from  five  or  six  of  Grove's  cells, 
as  itrong.  In  these  experiments,  Hmall  elements  or  cella^  are 
employed,  and  an  instrument,  termed  a  rheocord,  for  further 
regulating  the  strength  of  the  current,  is  introduced  into  the 
circuit.  (See  Practical  Phjsialogy.)  By  means  of  an  instm- 
ment,  termed  Du  Bois-Bej-mond's  key,  the  current  may  be 
opened  or  closedatpleamire.  It  ia  broken  or  intermpted 
when  the  key  ia  <^«SS7'"id  w  again  allowed  to  pass  onwards 
when  the  key  ia  ainmt  ,Tjte,M-^^ 

The  following  table  shews  the  results  of   Pfliiger's  experi- 
ments,*  and  is  sometimes  termed  FJtuga's  law  of  eontraetion, 
though  it  is  really  a  table  of  facts,  to  explain  which  PflUger 
has  discovered  a  law  called  Pfiiiga's  law  of  tlimatalion  : — 
Cntrent  StmigUi.  Upward  Currtnl.  Ikiwnwirt  Currmt. 

iCIo).  Contnution.  Clo*.   Rett. 

Optn.  Be>t.  Open,  Strong  contnotion. 

]  CTw.  Strong  contraction-  Cloi.  Strong  oontraotion. 
1  Open,  Strong  contraction.  Open.  Strong  DaatruHdoa. 
fttui.    Rcit.  Clot.   Strung  contTMitioD. 

strong     .  <  Open,  Very  ttroiig  <ion-     tftii   Keit,  ur  feeble 

I  tmotioQ.  i'*^'.,      oontrBotion. 

On  beginning  with  an  exceedingly  feeble  upward  current, 
neither  ot:eniiig  nor  closing  gives  rise  to  contraction  ;  but,  by 
increasing  the  strength  of  the  cuirent  graduaJly,  we  invariably 
get  contraction  first  on  closing,  but  ojwuiiig  has  no  effect  By 
gradually  strengthening  the  current,  we  at  length  reach  a  (Hjint 
*  PIIDjpir.    ElecUoloniu. 


I 


Weak 
Media 


4 
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when  there  ia  contraction  both  on  cloaing  an<l  opening.  Bj  And 
bye,  &  certaiu  Diazimuni  is  reached,  the  closing  contmction  be- 
comes weaker,  unil  finally  diMppearB  when  the  current  heeomes 
strong.  Similar  results  are  to  be  got  with  a  downward  current, 
except  that  contraction  with  a  weak  current  first  appears,  accord- 
ing to  many  experinienlera,  on  opening  and  not  on  ciosing,  and 
tb»t  there  is  contraetioo  on  closing,  and  none,  or  a  very  feeble 
contraction,  on  opening  a  strong  current.  Pfliiger,  however, 
fmud  that  with  a  weak  downward  current  he  obtaiued  contrac- 
tion on  cloning  and  rest  on  opening,  a  result  in  accordance 
with  the  theory  of  etimulatiou  be  has  offered. 

PJUigff'a  lam  of  itimuialion. — To  explain  these  phenomena, 
PflUger  has  propounded  the  following  law ; — "  A  given  pitee 
t  is  ttimulated  only  by  (/le  aj^earanrt  of  cathdtctrotoniu, 
and  the  ditappearanct  of  aneleclrotonvt,  bta  tht  diiajqtearance  of 
atthdectrolonat  and  the  appearance  ofaneUclrolontu  hat  no  effret." 
Id  other  words,  when  a  current  ia  closed,  the  nerve  is  stimulated 
by  the  passage  of  the  nerve  near  the  negative  pole  froa*  a 
aormat  into  a  cathelectrotonic  state  ;  but  when  a  current  is 
opened,  the  nerve  is  stimulated  by  the  passage  of  the  nerve  near 
the  positive  pole  from  nn  auelectrotonic  into  a  normal  stale. 

PflUger's  theoty  of  stimulation  afibrds  a  satisfactory  explana- 
tiou  of  the  reitults  given  in  the  table  already  quoted,  and  it  also 
explains  why  a  feeble  current  causes  contraction  more  strongly 
than  a  powerful  one.  This  will  be  evident  if  wa  apply  it  lo 
the  individual  instances  by  the  aid  of  the  following  diagratas  : — 
Irt.  FeAU  uj»mrd  ciirTent.~~CI,t>eed,  Contraction  ;  Opened, 
Rwt  Here  the  point  of  indifference  is 
Mar  the  positive  pole,  and  consequently  the 
oUhelectrot^'uic  area  is  estensiveu  When  _ 
the  current  is  closed,  the  nerve  is  stimu- 
lated by  the  establishment  of  cathelectra-  " 
tonua  in  the  portion,  u,  in  which  the  cxi:ita-  |  ' 
bility  of  the  nerve  is  increased,  and  a  con-  ^ 
tnction  of  the  muxcle  is  the  result.  On  the  £ 
other  hand,  on  opening  the  current,  a  small  | 
portion  of  the  nerve  in  the  neighbourhood  of 
the  powtive  pole,  b,  pnasee  from  the  anelec-      ~ 

trotonic  into  the  normal  irtate,  and  the  nerve 

U  Btiwnlatfd,  but   the  excitability  of   the        ) 
*  Tbc  vrow ->  imUcmMi  the  dlrectloo  of  Uii 


l-Pgl*. 
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nen'e  being  much  lowered,   the  Btimuliu  u  so  weak  tliat  the    , 
muscle  does  not  contract, 

2d.  Feeble  domnvjard  earrent. —  Clo*ed, 
Coutraction  j  Opened,  Real  (PflUger).  On 
dosing,  A  large  portion  of  the  nerve  neit 
the  muscle,  a,  paaaea  into  the  cathelectro- 
tonic  state,  the  nerve  is  Btimnlali^d,  and 
contraction  of  the  muscle  is  the  result ;  bnt, 
on  opening,  a.  small  portioD  of  the  nerve, 
at  a  distance  from  the  muscle,  b,  passes 
from  the  auetectrotouic  stAte,  and  the 
Btifflulation  is  so  weak  thnt  the  muscle 
(loea  not  contract  But,  as  already  men- 
tioned, p.  17S,  many  physiologists  have 
contraction  only  on  opening  luid  none  on 
dosing,  a  result  wliich  is  not  explained  bj  Ffluger's  law.  Tha  1 
discrepancy  probably  arises  from  the  great  difficulty  of  graduat- 
ing the  strength  of  the  current 

3rf.  and  4(A.  Medium  upieard  and  dmrniward  eurrenl.—Cloied, 
Contraction  ;  Opened,  Contraction.     In  this  instance,  the  neutral 


point  lieing  midway  between  the  two  poles,  the  aneledmitcmic   i 
and  catLelectrotonic  areas  are  equal  in  extent.    On  both  opening   > 
and  closing,  there  ia  strong  contraction,  because  both  anelectro- 
toQua  and  cathelectrotonus  increuM  with  the  current  strength  ; 
and  with  tlie   increase  in    the  extent  of   the  anelectrotonio 
portion,  b,  there  is  also  an  opening  contraction.    On  closing,    I 
the  nerve  ia  Btimnlated  in  the  neighbourhood  of  the  negative 
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— Pole. 


—  Neuinl  Point. 


+  Pole. 


Muscle. 


pole,  a,  by  the  establishment  of  catlielectrotonus  ;  and  on  open- 
ing, the  nerve  is  stimulated  in  the  neighbourhood  of  the  positive 
pole,  6,  by  the  disappearance  of  anelectrotonus. 

6M.  Strong  upward  current— Closed,  Rest  ;  Opened,  Con- 
traction. In  this  instance,  the  neutral 
point  is  near  Vhe  negative  pole,  and  the 
cathelectrotonic  area  is  much  smaller  than 
the  anelectrontonic.  On  closing,  the  small 
portion,  a,  passes  into  the  cathelectrotonic 
state  ;  the  nerve  is  stimulated,  but  as  the 
stimulation  has  not  sufficient  power  to 
travel  along  the  anelcctrotonic  portion,  6, 
in  which  the  conductibility  is  much  dimin- 
ished, there  is  no  contraction  of  the  muscle. 
On  opening,  the  portion,  h,  jiasses  from 
the  anelectrotonic  into  the  normal  state, 
jf(^  nerve  is  stimuhated  thereby,  and  the  muscle 
contracts. 

Qth,  Strong  doirnicard  current. — Closed,  Contraction  ;  Opened, 
Best,  or  feeble  contraction.  Tlie  closing 
contraction  in  this  case  is  caused  by  the 
formation  of  catlielectrotonus  in  the  portion 
of  the  nerve,  a,  next  to  the  muscle.  But 
on  opening  the  current,  tliere  is  usually  no 
contraction  of  the  muscle,  or  at  l)est  a  very 
feeble  contraction,  because  the  stimulation 
arising  from  the  passage  of  the  portion,  b, 
from  the  anelectrotonic  to  the  normal  state 
cannot  reach  the  muscle,  owing  to  the 
existence  in  the  portion  a  of  a  peculiar 
molecular  state  greatly  diminishing  its  con- 
ductibility, termed  by  PflUger  the  negative 
modification. 

Another  important  law,  discovered  by  PflUger,  may  be  thus 
expressed,  namely, — The  further  a  nerve  is  irritated  from  the 
musde,  the  greater  is  the  excitability  of  the  one,  and  the  contraction 
of  the  other.  Two  theories  have  been  advanced  in  explanation. 
One  supposes  that  the  molecules  throughout  the  nerve  possess 
a  certain  amount  of  tonic  force,  a  part  of  which  is  given  off 
during  the  transmission  of  the  influence,  so  that,  as  the  current 
progresses  it  receives  accumulated  intensity,  like  an  avalanche 
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Q  a  precipice.     The  otlier  theory  mipposes  that 
tcomes  more  excitable  the  nearer  it  approach) 
re  or  its  oiigiD,  eo  that  «□  irrititnt 
more  marked  effect  when  applied  there  than  at  a,  ilittldDce. 

It  must  he  obvious  that  the  kuowledge  of  the  facta  DOVJ 
referred  to,  regHrding  the  varied  efletts  produced  in  aiuaclea 
the  strength,  direction,  and  position  of  the  applied  cuirenl 
must  be  of  the  greatest  importance  to  the  medical 
endeavours  to  employ  electricity  aa  a  therapeutic  agent 
treatment  of  paralysis,  neuralgia,  and  other 

Senaory  Jwri^M.— Tiie  electrical  phenomena  of  sensory 
and  the  effects  of  electricity  upon  them,  are  the  same  as  those 
just  desuribed  relating  to  motor  nerves.  Each  sensory  nerve 
is  excited  by  electricity  in  itH  own  sjiecial  way.  Irritation  of  the 
optic  nerve  produces  a  aeusatioD  of  light ;  of  the  auditory  nerve, 
Boimd  ;  of  the  gustatory  nerve,  taste  ;  of  the  nasal  nerve,  smell ; 
and  of  the  ordinary  sensory  nerves,  pain.* 


appruacues 

IdDce.  ^^^H 

facta  DOir^^H 
muscles  bf^^^l 
>d  currentf^^^l 
maniuhii^H 
[ent  iu  tlH^^H 
diseases.    ^^^H 


VITAL  PROPERTIES  OF  THE  TISSl'ES. 

While  the  tissues,  as  we  have  seen,  possess  those  propertiea 
which,  as  belonging  to  matter  in  general,  we  call  physical,  they 
also  possess  otliers  which,  aa  only  occurring  in  living  bodies,  are 
peouhar  and  distinctive,  and  which  are  denominated  vital. 
These  are,  1st.  Differentiation  in  growth;  3(1.  Contractility; 
3d.  Sensibility  ;  and  4th.  Mental  acts,  iucluding  volition 
sensation. 

1.  DiffereniKttioa  in  Oroath. — At  one  period  in  the  history  at 
all  vital  growths,  the  individual  presented  the  structure  of  k 
finely  molecular  mass,  such  as  the  yolk  of  an  egg,  the  Bubstano* 
of  a  seed  or  ^>ore,  ora  simple  mass  of  protoplasm  or  proligerooB 
matter.  If  we  examine  twu  ovu,  or  two  seeds  of  the 
and  form,  this  matter  appears  to  be  identical,  whether  analysed 
by  the  chemist,  investigated  structurally  by  the  histologist, 
or  carefully   scrutinized  by   the  physicist,  yet  from  one  such 

*Rocnrdln?  elof^c  taste,  ri|rht,  hearing,  imell,  mnd  fectlng,  Me  Uorgo^'^ 
"  Electro- PhyilDliigy,'' p.  Sie.    For  othor  bets  reUUng  In  Elcctn-PhTdologTi  M*  ■ 
Uoixin  Op.  at. ;  Du  Dolfi-BiiyinDnd.ThtertHdiiiEIcktrlcltst ;  I>!ll«Br,  Etoctrotoiraii  J 
SeLdimluilti,  Ffafdologliichs  Studloa  :   Von  Bei»ld,  u>d  Ro»nihiil,  nbor  Gonb 
d.  Zaclmnffea,  BtiAntf  ArAiv.  lafiB,  p.  ISl  ;     DlMul  RaddUfe,  Lectura  a 
Bp!1(liiv,  P>1d,  Pantj^,  kn,    Lonilon.    1861.,  kn. 
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t^  nutj  come  a  svaa,  and  from  the  other,  a.  gooee  ;  and  from 
one  iuch  seed  may  come  a  leoion,  and  from  the  other,  an  orange 
treo.  Mammalian  ova  ar«  comparatively  minute  iu  size,  and 
out  of  two  which  closely  resemble  oue  aiiother  may  be  developed 
»  raonse  nud  au  elephant. 

Agxiii,  if  we  watch  the  developmeut  of  an  animal,  say  a  bird, 
aa  it  ia  formed  within  the  egg  nhell,  we  shall  find  tltnt  ont  of  the 
moleculur  matter  of  the  yulk,  thei'e  ia  gradually  produced 
iniimbnuieti.  Mood  corpusdeH,  blood  veaaela,  the  muicular  and 
fibrous  tissues,  cartilage  ami  bone,  nerves  and  brain,  feathers, 
cUwa,  &C.,  Sx.  Tlie  phyBical  conditions  under  which  these 
varied  resulta  appear,  are  usiiali}^  diffused  through  the  entire 
germinatiDg  mass.  The  variatioas  seen  in  the  tissues  of  one 
Uiimal  or  plant,  as  well  an  those  onnstituliug  the  difTerencea 
betwecu  animals  and  plants  generally  are,  therefore,  the  results 
of  what  we  call  a  differentiating  power  of  growth.  Why  the 
molecular  mass  formiog  these  yelks  of  ova  should  ao  divide, 
■nbdivide,  develope  themseives  into  cells  which  should  arrange 
themselves  into  tisaues,  organs,  atid  organisms,  so  as  ultimately 
10  form  sacb  different  auimala  and  textiirea,  we  are  profoundly 
ignorant  A  crystal  or  a  mass  of  rock,  may  in  one  sense,  be 
■aid  to  grow  or  increase  by  aggregation  of  particles,  but  these 
p&rticlM  are  alike,  and  the  differences  which  exist  between 
different  crystals  and  roclu  may,  at  a  very  early  period,  be 
attributed  to  varied  chemical  composition,  or  physical  con- 
diUons.  The  latter  distinctions  cannot  be  detected  in  the  case 
tA  similar  ova  and  seeds  to  whicb  we  have  referred,  while  the 
reault  of  development  Is  to  produce  marked  differences  in  parts. 
We  are  therefore  obliged  to  consider  the  cause  of  this  differeo- 
lutlon  iu  growth  to  be  as  yet  unknown  ;  to  l>e  a  peculiar  one, 
hitherto  only  found  in  connection  with  living  bodies,  and  which 
therefore,  we  call  vital. 

3.  Contractilitff. — Elasticity  is  manifested  by  forcibly  com- 
pre^ag,  bending,  or  drawing  out  a  iHwly,  which,  on  the  with- 
dnwal  of  the  eitemal  force  by  its  power  of  recoil,  returns  to  ita 
original  form.  Contractility  is  the  reverse  of  this  process.  The 
aobeUiice  is  ahortened,  by  an  iohereut  drawing  together,  or 
aggrogation  of,  its  constituent  particlui,  in  the  fiiut  place,  witli  a 
corUia  amount  of  force  which  brings  bodies,  to  wliieh  its  ends 
are  attached  closer  together,  and  when  the  contractile  power 
OMsea,  the  snbstance  is  relaxed,  and  \iu>a  returns  to  its  origiual 
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a  power  in  the  living  economy  may  be  applied  to 
various  purposes,  not  only  in  the  case  of  muscles,  to  bring  the 
parts  they  may  be  attached  to  in  proximity,  but  to  occasion  % 
variety  of  other  movemeuta,  as  in  the  iris,  to  liilate  aud  contract 
the  pupil,  to  produce  a  rapidly  moving  surface,  as  with  cili^]l 
occasion  independent  motions,  as  in  spermatosoids  and  vibriones, 
am<eboid  movements,  &c.,  &c. 

From  the  fact  that  contractility  may  be  seen  in  simple  fila- 
ments, OS  in  vibrionea  ;  as  in  the  spermatozoid  and  cilium 
isolated  protoplasm,  as  well  as  in  the  ultimate  fibrillffl  of  muscle 
(Fig.  48),  it  must  be  clear  that  this  property  is  attached  to  the 
minutest  molecules  of  the  tissue.  That  it  was  independent  ot' 
the  nervous  influence,  though  capable  of  being  escited  throng' 
the  nerves,  was  first  maintained  by  Haller,  and  admits  of' 
demonstration  in  many  ways.  Thus,  first,  John  Eeid,  after 
removing  the  sciatic  nerve  from  the  limb  of  a  frog,  exhausted 
the  muscular  contractility,  by  continued  galvanic  shocks,  and 
observed  that  while  contractility  returned  after  a  certain  time, 
sensibility  did  not  Secondly,  E.  Weber  isolated  a  fasciculus 
under  the  microscope,  and  still  found  it  contractile.  Thirdly, 
Harleas  proved  that,  when  sensibility  was  destroyed  by 
of  ether,  to  such  an  extent,  that  muscular  coutraetious  could 
not  be  pnxiuced  by  galvanic  shocks  applied  to  the  nervoiwi 
centres,  they  occurred  immediately  similar  shocks  were  applied' 
to  the  muscles  themselves.  Fourthly,  plants  have  no  nerves, 
and  yet  some  of  their  tissues  are  contnu^tile.  Other  argumeuts 
may  be  drawn  from  the  influence  of  irrita.uts,  )>oisons,  and  of 
galvanism  on  muscies.  The  various  kinds  of  contractile  tisane, 
are  not  all  induced  to  contract  by  the  same  stimuli.  Thus,  cold 
will  excite  action  in  the  fibres  surrounding  certain  bulbs  of  the 
hair,  and  in  those  of  the  dartoa,  while  mechanical  irritation  and 
galvanism  do  not.  But  mecJ:ianical  irritation,  as  well  as  cold, 
will  cnuHe  contraction  in  the  middle  coats  of  the  arteries  and 
veins,  hut  not  galvanism.  All  three  kinds  of  irritation 
the  fibres  of  tlie  iria,  and  contractile  coats  of  the  hollow  viscera, 
and  the  capillary  veBsels  in  addition  to  these,  are  influenced  by 
certain  emotions  of  the  mind,  but  not  by  volition.  The  highest 
degree  of  contractility  ezista  in  voluntary  muscle,  which,  in 
addition  to  all  the  other  stimuli,  «•«' contracted  through  the 
mind  at  will  ' 

It  must  be  clear  from  a  conaideTatiou  of  all  the  facta  con- 
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nected  with  contractility,  that  this  property  is  utterly  unlike 
that  of  elasticity,  or  other  physical  phcuomena  posHesiied  by 
ntfttt«T  genenUly,  that  it  is  ouly  visible  in  living  tissues,  and 
like  differeutiatioD  in  growth,  is  therefore  a  proof  of  vitality. 

SauHnlilff. — By  this  term  is  to  be  uudewtood  that  remark- 
able property  of  nervous  matter,  in  virtue  of  which,  wheu  it  ie 
irritated,  a  something  is  produced  which  wc  call  an  influence 
that  ia  conducted  id  various  directions  idong  the  nerves.  These 
nerves,  although  alike  in  chemical  constitution,  ultimate  struc- 
ture, and  physical  attributes,  convey  the  influences  of  different 
tnipresaions.  Mime  oidy  in  one  direction,  and  otheta  only  in 
another.  But  further  than  this,  some  of  these  nerves  can  only 
be  excited  or  stimulated  to  produce  the  iufiuence  which  is  oon- 
ducted,  hy  one  kind  of  irritnut,  and  othera  by  another  kind. 
'Th\iB,  all  manner  of  mechAoical  irritants,  such  as  pricking,  burn- 
ing, rubbing,  pressure,  &c.,  will  excite  the  neiTes  of  common 
muibiUty,  while  the  optic  and  auilitory  nerves  may  be  excit«d 
by  light  and  sound,  wliich  produce  little  effect  on  the  others. 
Equally  different  kinds  of  sensibility  eiist  in  other  nerves — 
•ome  responding  to  one  kind  of  stimulus,  and  others  to  another, 
and  lu  a  result,  varied  actions  produced  at  a  distance  from  the 
parts  where  the  irritation  was  applied.  Thus  if  tlie  influence  is 
conducted  by  the  nerves  to  the  bruiti,  various  sensations  are 
prodticed  ;  if  to  contractile  nans,  varied  kinds  of  movements  ; 
if  to  tilt  glands,  varied  J— Slml/T^d  if  to  the  tissues,  varied 
alterations  in  growth,  &c.  A  copper  wire,  Uke  a  nerve,  it 
ca|Mble  of  conveying  varied  physical  iuduences,  such  as  heat, 
•oond,  and  electricity,  but  thesn  influences  are  generated  ont- 
Mde  the  wire,  and  simply  conducted  by  it.  But  wheu  a  nerve 
ia  atruok  it  generates  as  well  as  conducts  its  own  peculiar  iullu- 
HUB.  Apply  the  point  of  a  needle  to  a  wire  no  effect  reeults — 
do  W  to  a  nerve,  and  spasm,  pain,  a  noise  or  a  flnsli  of  light  may 
oociir,  according  as  the  nerve  conveys  the  influence  produced  to 
'  tlw  muscles,  the  brain,  the  ear,  or  the  eye.  Sensibility,  fhere- 
'  fore,  though  in  some  resgiects  oiutlogous,  is  broadly  distinct  from 
all  kinds  of  physicAl  phenomena  ;  is  ouly  lo  be  recognised  in 
living  beiugs,  and,  as  such,  must  be  considered  as  essentially 
riUU. 

Jltntul  acts,  inciudinrf  volilioa  ami  lematum.—'By  the  mind 
w  understand  that  property  of  bmiu  whereby  nc  will,  we  feel, 
and  we  think     Many  of  the  inferior  animals  will,  feel,  and 
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molecular  matter  may  produce  various  tissues  haviag  difFereot  1 
vital  endowwenta.     That  converted  into  niuscular  t 
hibits   cuutractility  \    that   converted   into   uerve,  eicitnbilitf. 
Here  also  a  certain  substratum  or  material  suLstaDce  is  requisits  I 
for  the  coDveraioQ  of  nue  force  into  ouothev.     Theu,  as  we  have  I 
Been,  there  is  a  curtain  relation  between  the  nervous  ai 
)ar  forc«a  :  one  can  cuU  the  other  into  action  in  a  degree  pro- 
portional to  its  own  exuitemeat ;  and,  again,  nervous  agency  is 
capable   of   inllueiici:ig  growth  and   cell-fonnation   in  such  t, 
manner  as  to  give  rise  to  the  idea  that  it  may  be  re-oonverted 
into  the  forms  of  vital  fon*  oecessary  to  evolve  cells.     Again, 
heat,  light,  and  electricity  have  long  been  recoguised  as  ezciton  J 
or  stimuli  of  the  vital  forces,  and  these,  operating  through  •  1 
peculiar  orgauised  structure,  may  in  tact  become  vital  tarc«  \ 
themselves,   just   as   heat   becomes  electricity   wUeu   it  passes   T 
through  a  certain  combimition  of   metals.      Thus,  vital  fonn 
luuy  be  converted  into  physical  force,  and  met  versa,  as  when  we  I 
see  some  tissues  producing  chemical  uctiou,  others  mechanical   | 
moToment,  and  a  third  kind,  electricity. 

C^mtei-tsitvM  offoree. — Whilat  any  particular  force  which  i 
the  cause  of  a  certain  alteration  may  be  exhausted,  there  is  I 
always  another  force  which  gains  lui  much  power  of  producing  I 
new  alterations  in  nature  as  the  first  has  lost.     It  follows,  that  I 
although  it  is  the  nature  of  all  forces  to  become  exhausted  by 
their  own  working,  the  ]iower  of  the  whole  system  in  which 
these  altemtions  take  place  i»  neither  exhausted  nor  increased 
iu  qnantity,  but  only  cliaiigeU  in  form.    If  u  wat4:h  is  wound 
up,  the  active  force  or  energy  exerted  by  the  muscles  of  the 
arm  and  hand  is  couimunicaled  Xa  the  spiing,  and  this  again  ii 
communicated  to  the  wheels,  and  is  slowly  employed  in  over*  | 
coming  their  friction  for  twenty-four  hours.    But  if  an 
be  diacliarged  from  a  bow,  then  the  energy  employed  by  ths  I 
arm  is  communicated  to  the  iurow  and   is  expended  i 
minute  in  overcoming  the  pressure  of  the  atmosphere.     Heat^  1 
light,  electricity,  gmml^,  and  cliemical  action  are  a 
manner  capable  of  being  peipetuated  in  an  unceasing  round  one 
to   the  other.      And  so  in   the  animal  body,  tlie  vital  forces 
manifested  in  various  ways  are  in  truth  only  diiTei-ent  forms  of 
energy  which  originate  from  the  chemical  changes  produi'ed  L 
the  digestion  of  food,  in  elasticity,  in  respiration,  or  in  endo»- 
mose.    Hence,  sensibility,  and  even  the  exercise  of  the  mind,   t 
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cannot  proceed  without  nouriHhnient,  and  we  must  regard  these 
manifestations  of  vit^  force  as  only  a  variety  of  that  chemical 
force  generated  in  nutrition,  na  this  in  its  turn  is  only  an  altered 
DUmifeBtAtion  of  some  other  force. 

It  Iws  been  shewn  that  when  force  is  apparently  exhausted 
without  doing  work,  it  is  not  loat,  but  that  beat  is  generated. 
!&ll^  when  we  stir  water  rapidly  in  a  bnwl,  and  it  again  comes 
t,  it  is  iocreased  in  temperature.  If  we  try  to  raise  a  ton 
t,  we  do  not  micn^ed,  but  become  very  hot,  and  the  same 
it  of  heat  is  generated  as  if,  practically  applied.  Would  create 
!,  which  the  savage  does  when  he  expends  his  muscular 
energy  in  rubbing  together  pieces  of  dry  wood,  and  so  lights  a 
fire.  In  the  animal  iKidy  the  heat  so  occadoned  is  at  once 
applied  to  carry  ouy^aa  functions  in  various  ways,  and  hence  the  /i^ 
living  frame  is  enabled  to  convert  more  force  into  work  than  the 
moat  perfect  steam  engine  or  other  mechanical  contrivance. 
When  force  or  energy  is  dormant,  that  is,  Htorfid  up,  as  in  the 
compressed  air  of  an  air-gun,  it  iscnUed/wfenltuI;  but  when  it  is 
called  into  action,  and  is  doing  work,  iia  when  the  sane  gun  is 
dischat^ed,  it  is  called  imtual  or  Itiitetic.* 

Origin  of  /oree  or  ai^gg. — Tlie  original  source  of  all 
energy  or  force  in  our  universe  is  thb  si'n,  because  it 
the  great  source  of  heat  and  light,  Under  the  action 
di  the  sun's  n.ys,  chemical  changes  occur  in  plants,  and 
ternary  compoimds  are  formed.  The  actital  energy  of  the 
son's  rays  ban  become  the  jiotential  energy  resident  in  these 
compounds.  This  energy  is  equal  to  the  heat  obtained  from 
their  comhustiun.  Animals  consume  ]ilaute,  and  tlius  acquire 
chemical  teusion  or  power  from  them.  The  potential  energy 
of  tJie  plant  products  becomes  the  aclval  or  tinetic  energy 
of  the  animal,  which  enables  the  heart  to  pump  blood  through 
the  body,  and  the  muscles  to  produce  movement  and  do  work. 
In  the  animal  body,  chemical  forces  are  constantly  expended 
in  the  production  of  an  equivalent  amount  of  mechanical  effect, 
and  in  the  generation  of  a  certain  omouut  of  heat.  An  active 
working  man  converts  in  a  day  a  certain  amount  of  carbon 
into  mechanical  effect,  and  to  keep  the  supply  of  carbon  equal 
tu  the  demand  he  must  take  food.  If  the  work  were  done  at 
the  expense  of  his  musctes  aloue,  Mayer  baa  shewn  they  would 
all  be  oxidiKed  and  consumed  in  mechanical  effect  in  eighty 
PmlBHnr  TWl  un  ThurmcHtyniunla,  p.  Gl,  ''  HJ. 
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days    Tbe  mim  of  the  heat  produced  by  the  mechiujical  work 
done  by  the  man  in  a  day,  aud  the  nninial  heat  generated  diiring 
the  Bame  time,  would  be  einctly  equal  io  amount  to  the  heat 
cansed  by  the  chemtca]  chaii.geB  that  have  taken  place  in 
man's  borly.     Thus  "all  the  world's  work,  with  one  escept 
(tidework),  is  done  by  the  sun,  and  man  himself,  prince 
peasant,  is  but  a  little  engine  which  direct)  merely  the  eneigy 
supjilied  by  the  sun."* 

But  while   phyaical   are  essential   for  the  manifestatit 
vital  properties,  it  should  sever  he  forgotten  that  the  former 
are  not  identical  with  the    latter.     On  the  contrary,  vital* 
have  peculiarities  which  broadly  diBtinguish  them  from  phydi 
caJ   phenomena,   and   admit   of  easy  recognition,  as   we  ha»». 


Vitality. 


Dtfinitian. — Nimierous  efforts  have  been  made  to  define  life. 
Without  entering  upon  a  criticism  of  thesn,  it  may  be  said  that 
they  are  all  faulty.  Most  authors  have  felt  the  necessity  of 
pre-Bupposing  some  organised  structure,  the  exidttence  of  which 
is  taken  for  granted  in  their  Uefinitiona.  Bichat  says,  "  Life  is 
the  sum  total  of  the  functions  which  resist  death  ;"  Trevironiu 
calls  it  "The  constant  uniformity  of  phenomena,  with  diversity 
of  external  influences ;"  I^wrence  says  it  consists  "  in  tlie 
iMsembln^e  of  all  the  functions  or  purposes  of  organised  hodie^ 
and  in  tbe  general  result  of  their  exercise  f  Duges  calls  it 
"  The  special  activity  of  organised  bodies  ;"  and  Bdclard, "  Or- 
gmnisation  in  action  ;"  which  last  gives  us,  as  far  as  a  short 
phrase  can,  what  is  understood  by  life. 

Theort)  of  Life. — It  has  been  supposed  th,at  life  was  au  indft> 
pendent  principle,  capable  of  being  added  to  or  removed  from 
inert  matter.  Such  jras  the  opinion  of  the  ancient  philouopheiB, 
aa  allegoricsUy  explained  by  the  fable  of  Pi-ometheus,  who  aui> 
mated  the  marble  statue  by  fire  stolen  from  heaven.  In  later ' 
times,  Buffon  imagined  life,  like  matter,  to  be  indestructible. 
According  to  him,  every  living  molecule  had  a  life  of  its  own, 
and  the  method  by  which  it  manifesle<i  its  function  depended  on 
its  association  with  other  molecules.  Thus,  tbe  body  of  au  ani- 
mal or  a  plant  was  the  aggregation  of  a  multitude  of  miuato 
•  LocliTor,  "  Attronomj,"  p.  ua    1870. 
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living  beiugB  airangeU  in  &  particukr  way,  The  death  of  the 
complex  compound  was  tiimplj  a  dissolution  of  one  of  these 
UBocitttions,  and  the  oi^auic  mulecules  thus  set  at  libettj  wan- 
dered about  until  tUey  once  more  combined  with  a  plaot  or 
Miimal — here  with  a  mouail.  there  with  a  quadruped.  The 
wOeria  vtlit  diffiua  at  John  Hunter  was  something  similiu'. 

Oar  modem  view  of  life  ia,  iiot  that  it  is  independent  of 
matter,  but  a  condition  of  matter :  In  other  words,  that  material 
aubetMnces  found  in  the  atmosphere,  and  in  plonta  and  onimolB, 
induenced  by  certain  forces,  have  peculiar  properties  communi- 
cated t<*  them.  These  propertiea  are  the  power  of  growth  in 
certain  directionB,  cootroctility,  senaibility,  and  mental  acts  ; 
the  exercise  of  any  one  of  which  couatitutea  life.  That  accidental 
causes  are  capable  of  communicating  one  or  more  of  these  pro- 
perties la  tissues  that  did  not  previously  possess  them,  is  certain. 
Thus,  exposure  to  light  may  influence  the  movemeul  of  the  pig- 
tnent  molecules  in  the  «kin  of  the  frog  and  other  animals,  so  that 
it  at  once  becomes  dark  or  light.  The  entrauce  o(  a  spermato- 
zoid  into  the  ovum— that  is  a  vibratile  fibre,  much  like  a  vibrio, 
pushing  a  molecule  before  it — eicit«B  those  changes  in  the  joik 
which  produce  an  embrya  An  unimpregnated  uterus  is  not 
contractile,  but  if  iraprcguat^l,  its  fibres  have,  at  a  certain  period, 
Ud  then  only,  a  vital  property  communicated  U>  them,  and  they 
expel  the  fatus.  I  think  no  one  can  doubt  that  an  aggregation 
of  molecules  producera  vibrio,  which,  at  first  motionless,  has  con- 
tracttlity  communicated  to  it,  and  thereby  lives.  Moreover  on 
foUowiug  the  development  of  on  animal  in  an  egg,  it  ia  capable 
of  being  seen,  that  a  portion  of  the  original  molecular  mass  is 
diSTerentiated,  and,  by  histological  and  chemical  changes,  is  first 
tranaforme<l  iuto  muscle,  wtiich  afterworda  becomes  contractile ; 
that  another  mass  ia  transformed  into  braiu  and  spinal  cold, 
which  subsequently  possesses  sensibility,  and  lastly,  thought. 
Una  function,  in  the  embryo,  is  ailded  to  organic  matter. 
Growth  diifereutiated  produces  orgojia — each  of  these  has  ita 
■pedal  functions,  which,  however,  are  necessary  to  the  others- 
Mi  that  in  every  organism  there  is  an  incessEint  round,  one  organ 
being  Dcceaaary  to  the  other,  and  one  fonu  of  cuergy  or  function 
capable  of  being  converted  iuto  or  eichongiug  with  another.  (See 
Conclatinn  and  Conservation  of  Force,  pp.  181, 183).  A  seed 
may  exist  for  thousands  of  jeara  as  a  dried  organic  masB,  but  if, 
at  the  end  of  that  time,  it  bo  [Jut  into  the  earth,  it  will  grow,  and 
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thereby  lives.  It  was  not  alive  during  the  whole  of  that  period, 
but  had  the  capability  of  living.  Such  an  organic  maaa  may  be 
compared  to  a  clock  ready  made  and  wouud  up,  which  requires 
a  touch  on  the  pendulum  to  set  it  in  movement. 

It  results  that  the  physical  and  vital  forces  and  properties 
are  intimately  united  in  a  living  body,  and  that  the  activity 
or  life  which  it  exhibits,  is  the  sum  of  those  phenomena  which 
we  observe  in  it.  When,  therefore,  we  use  the  term  life,  we 
simply  mean  that  an  organised  aubstance  is  possestted  of  cer- 
tain properties  partly  peculiar  or  vital,  and  partly  physical, 
which,  when  acted  upon  by  appropriate  sti^li,  axe  competent 
to  give  rise  to  that  series  of  actions  in  whiclfTife  consists.  We 
are  as  ignorant  of  the  true  nature  of  physical  as  we  are  of  vital 
properties.  It  is  from  the  effects  alone  that  we  infer  their  ex- 
istence. Hence,  if  one  substance  exhibits  the  property  of  com- 
bustibility, it  buruB;  if  another,  on  being  stretched,  returns  to 
its  original  size,  it  is  elastic ;  and  if  a  third  presents  differentiated 
growth,  involving  assimilation  and  excretion,  or  exhibits  con- 
tractility and  sensibility,  it  Uvea. 


PART  II. 


SPECIAL  PHYSIOLOGY, 


The  special  functioos  of  the  human  body  may  be  concddered 
under  the  heads  of  Nutrition,  Innervation,  and  Beproduction. 

NUTBinON. 

Nutrition  is  very  commonly  spoken  of  as  a  function  simply 
involving  the  addition  of  matter  to  the  frame.  My  object  is  to 
shew  that  it  is,  in  truth,  a  vast  complex  process,  comprehend- 
ing not  only  digestion  and  assimilation,  but  circulation,  respira- 
tion, secretion,  excretion,  and  many  others.  Even  nutrition, 
in  its  limited  sense,  is  so  essentially  connected  with  the  others 
referred  to,  that  they  must  all  be  regarded  as  a  whole  or  in 
their  relations  to  one  another.  Thus  digestion  and  assimilation 
are  not  only  dependent  on  the  quality  and  quantity  of  the  ali- 
ment, but  on  the  circulation  of  the  blood,  on  the  respiration 
which  gives  it  oxygen,  on  the  secretions  by  which  food  is  pre- 
pared, and  on  excretion  which  removes  those  things  which 
have  served  their  purpose  and  would  then  be  injurious.  This 
mode  of  regarding  the. function  of  nutrition  is  of  the  utmost 
importance  to  the  medical  practitioner,  as  it  not  only  leads 
him  to  see  how  nutrition  may  be  deranged  in  so  many  ways, 
but  to  arrive  at  the  scientific  explanation  of  those  complica- 
tions in  diseases  which  he  is  constantly  meeting  with.  It 
must  lead  him  to  the  conviction  tluit  impaired  nutrition  is 
to  be  treated  by  an  endeavour  to  restore  the  deranged  pro- 
cesses to  their  healthy  state  in  the  order  in  which  they  are 
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deranged  ;   that  for  this  purpose  ii  sound  knowledge  of  the    \ 
process  of  nutrition   itself   is  B.  preliuiiuar;  step  ;    that   em- 
pirical  Hystema   can  Ije  of  little   benefit  ;    and   that  the   only   1 
correct  basis  for  medical  interference  is  a  comprehensive  and   I 
true  physiology.    We  ehail  treat  of  the  various  proceaaes  sub-  I 
servient   to   nutrition,  therefore,   in   the  order  that   nutritivB  | 
matter  may  be  observed  to  go  in,  pass  through,  s 
of  the  economy.     This  will  be  better  iinderstood  by  considting  j 
the  view  by  Bernard,  slightly  modified,  which  exhibita  in  thi 
dog  all  the  organs,  with  the  exception  of  the  akin,  concerned  ii 
tliia  function.     (See  Plate  IX.,  fig.  1.) 

Aliment. 

All  the  various  kinds  of  food  are  resolvable  into  the  four 
elements — Carbon,  Hydrogen,  Oxygen,  and  Nitrogen,  combined 
with  certain  mineral  bases.     The  chemical  constitution  of  plants 
and  animals  is  nearly  the  same  ;  and  hence  food  derived  from 
one  kingdom  of  nature  must  contain  those  sultstances  of  which 
the  bodies  to  be  nourished  in  the  other  kingdom  are  themselves 
made  up.     The  i^uantity  required  is  principally  regulated  by 
the  amount  of  air  we  breathe,  its  oxygen  uniting  with  the  cai^ 
bon  and  hydrogen  of  the  tissues  to  produce  carbonic  acid  and 
water,  and  to  evolve  the  heat  of  the  body.     In  endeavouring, 
therefore,  to  ascertain  what  ai^  the  best  kinds  of  food  requisite  I 
for  meeting  the  demands  of  supply,  we  must  pay  attention,  in  J 
the  first  place,  to  the  cJiemicoJ  (irinciples  which  enter  into  thai 
constitution  of  the  living  being  to  be  nourished ;  secondly,  to  J 
the  mode  in  which  tLese  are  combined  to  form  tissues  and  organs]  a 
thirdly,  to  the  ntmoaphero  wliich  surrounds  it  ;  fourthly,  ( 
amount  of  waste  it  undergoes  ;  and,  fifthly,  to  the  s 
the  animaL 

The  results  of  numeroda  investigations,  carried   on  with  It  | 
view  of  determining  these  points,  are  as  follow  :- 

1st.  The  proximate  chemical  principles  required  for  thtt  I 
nourishment  of  man  are  the  albuminous,  the  fatty,  and  tha 
mineral  principles.  The  first  of  these  are  substances  rich  i 
nitrogen^such  as  fibrin,  casein,  and  albumin,  which  occur  both 
in  the  vegetable  and  animal  worlds.  The  second  are  substances 
devoid  of  nitrogen,  consisting  of  the  animal  and  vegetable 
fata,  together  with  starch,  sugar,  and  gum,  which,  by  deoxi- 
dution,  are  readily  converted  into  fat.    The  third  are  tuisenl  | 
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■alts,  more  especially  phoephute  of  Hue  nud  (.'bloriile  of  soilium. 
It  has  been  proved  that  every  kiuci  of  uiitrilirB  food  muat  con- 
tain nil  three  principles  ;  nnd  that  the  absence  of  any  one  of 
thme  inilaces  starvation  and  death,  Water  is  uleo  uecessiary  as 
A  dilueut 

Maf(endie  fed  dogs  upon  sugar,  oil,  giim,  or  butter  nlone,  and 
fonnd  that  for  one  or  two  weeks  they  did  very  weU,  but  after 
Ihut,  became  weak,  and  died  on  tlie  thirty-second  or  Ihirty- 
sixUi  day-  When  they  were  fed  on  white  bread  and  water, 
they  lived  fifty  days  ;  when  on  cbeeae  and  white  of  egg,  they 
lived  longer,  but  became  feeble,  emaciated,  and  lost  their  hair. 
The  experiments  by  Edwards  and  Balzac  have  shewn  that  a 
diet  of  bread  and  gelatin  is  insufficient,  producing  death  after 
enuciAtioo,  without  appreciable  lesion.  Alittleadditionofbrown 
■oup,  however,  renders  bread  and  gelatin  highly  nntritioua, 
Qr  Hanimoud  limited  himself  to  I J  lbs.  of  gum  on  one  occasion, 
ami  a  like  quantity  of  starch  on  another,  with  water,  per  day. 
Hanger,  debility,  and  fever  became  so  great  that  he  was  obliged 
Ui  ktuwdoa  the  first  diet  on  tbe  fourth,  and  the  second  on  the 
tenth  day.*  When,  instead  of  these  substances,  he  took  \\  lb. 
of  albumin — diorrlinea,  albumiuoua  urine,  and  disgust  at  tlie 
food  obliged  him  to  abandon  it  on  the  ninth  day.  Hence  it  is 
always  neeesaary  to  associate  a  proper  mixture  of  albuminous 
oud  fatty  principles,  in  which  the  mineral,  especially  chloride 
of  Bodiuu,  enters  as  a  constituent  part.  Of  all  the  aitides  of 
food,  human  milk  appears  to  be  that  whicU  contains  the  three 
MMntial  substances  in  the  best  proportions.  A  like  residt  may 
be  obtained  by  mixing  other  articles  together,  such  ns  fat  pork 
with  VGol,  potatoes  witU  beef,  and  rice  with  mutton  or  fowl. 
Again,  atnffiug  is  generally  added  to  hani  and  vt^al,  booon  to 
beans,  ham  to  fowls,  and  so  on.  The  addition  of  butter  to 
bread  is  the  almost  universal  food  of  the  nurwry.  Mankind 
hkve  for  the  moat  part  a*Iopted  these  rules  instiiictively.  Per- 
sona who  feed  principally  on  flesh  prefer  it  fat ;  and  those  who 
lire  largely  ou  vegetables,  as  potatoes  and  rice,  take  considerable 
(inantities  of  milk.  The  same  result  Is  obtained  by  the  use  of 
fermented  liquors.  Hence  breail  and  wine  constitute  a  diet 
resembling  milk  in  chemical  canxtitution. 

2d.  It  is  not  mere  nitrogenous  or  non 'nitrogenous  kinds  of 

food  tliat  wilt  serve  for  nourishment,  as  is  theoretically  bui>- 
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posed  by  chemlste.  To  form  tissue,  these  chemical  constituents 
must  be  converted  into  albumin  and  oil,  so  as  to  produce  those 
elementary  molecules  of  the  chyle  which  conBtitut«  the  forma- 
tive substance  of  the  blood  cells  ;  while  the  mineml  constituents 
must  be  dissolved  in  the  fluid  in  which  these  lloitt.  All  three 
elements  exist  in  every  tissue  ;  but  the  fibroun  tissues  abound 
in  albumin,  ihe  glandular  organs  in  fat,  and  the  honea  in  mine- 
ral matter.  All  i-ecent  researches,  especially  those  of  LSiWes 
and  Gilbert,  Fick  and  Wielicenus,  Franldand,  E.  Smith,  Farkea, 
ajid  others,  indicate  the  great  importance  of  the  fatty  constita- 
ents  of  food. 

3d.  The  amount  of  oxj-gen  in  the  atmosphere  greatly  influ- 
ences the  quantity  of  food  required.     If  cold  and  condensed, 
more  oxygen  will  unite  with  the  tissues,  and  more  nonrishment 
will  be  required  to  meet  the  demand  and  prevent  waste. 
warm  and  rarefied,  the  appetite  diminishes,  and  less  food  ia  ro- 

4th.  Bodily  and  mental  exercise  causes  waste  of  tisane,  and 
active  men  require  more  fooil  thnn  those  who  spend  idle  lives. 
An  able-bodied  labourer  requires  at  least  35  oz.  of  dry  nutri- 
tious food;  nor  can  soundness  of  health  be  kept  up  for  any  length 
of  time  uuder  30  oz.  Sedentary  people,  it  is  true,  exist  uprai 
much  lens  ;  but  they  are  weak,  and  generally  valetuilinariaua. 
Of  mixed  solid  and  Suid  food,  there  are  required  daily  between 
Cand7lbB.,of  whiuhiibout  51ba.  on  an  average  consis^of  water. 

5th.  Living  beings  are  governed  in  their  selection  of  food  by 
laws  which  the  chemist  counot  elucidate,  and  which  nre  essen- 
tiaJly  connected  with  structure.  It  may  be  true,  as  Mlilder 
pointed  out,  that  the  albumin  of  vegetables  and  of  animals  is 
the  same  ;  but  some  animals  can  only  live  upon  one,  aiid  some 
on  the  other.  The  chemist  has  not  explained  to  us  why  th« 
camivora  reject  vegetable  aud  the  gnuniuivom  refuso  animal 
food,  or  why  the  substances  which  contain  least  nutritious 
matter  for  one  class  of  creatures  are  the  chief  means  of  support 
for  others.  Hence,  though  chemistry  may  teach  us  much,  the 
laws  of  dietetics  can  only  be  ajrived  at  by  the  physiologist 

6th.  Another  important  fact  has  been  too  frequently  over- 
looked, viz.,  that  nutritive  substauoea  must  have  tapidily  or 
flavour.     Tasteless  albumin  and  oil  will  not  digest,  and  tha 
reason  obviously  is,  that  they  fail  to  excite  the  secretion  of 
saliva,  which  we  aludl  see  is  so  necessary  for  preparing  fi 
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tee  the  value  of  vwiety  in  food,  of  condiments,  of  tea,  coffee, 
meat  juice,  anil  ot  nuuieroua  other  BiihatanccH,  which  fauve  been 
sbewn  to  reader  tlutt  diet  nutritious,  which  without  them  could 
not  be  tolerated.  Further — nlcoliol,  winea,  and  tobncco,  under 
certain  circunutances,  must  also  be  regarded  aa  nutrieuta. 

Of  all  the  causes  of  disease,  irregularity  Id  diet  is  the  most 
eommou  ;  and  of  all  the  uieau:ii  of  cure  at  our  diapoaal  attention 
to  the  quantity  and  quality  of  the  ingesta  is  by  for  the  most 
powerful. 

Hunger  aad  Thirtt. — Want  of  solid  aliment  produces  a  peca- 
liar  aensatioD  called  hunger,  while  want  of  liquid  causes  another, 
called  Ikirti.  These  are  noc  so  much  dependent  on  a  peculiar 
couditioD  of  the  stomach  or  oesophagus,  as  they  are  upon  the 
general  wants  of  the  system.  Certain  animals,  when  they  are 
large  and  fat,  fall  into  a  torpid  state  on  the  approach  of  winter, 
luid  continue  so  until  the  wanutli  of  s]>ring  returns.  During 
this  period  they  take  no  food  ;  their  rcHpiration  is  exceedingly 
•low  ;  the  blowl  has  rather  a  gentle  undulation  than  a  cii-cula- 
tion,  and  the  tiivial  losnes  which  take  place  are  repaired  by  the 
gradual  abaorjiUon  of  fat.  Hence,  at  the  end  of  the  hyber- 
uatiug  Benson,  the  emaciation  of  auiuialB  subject  to  its  inflnence 
is  very  considerable.  Some  authentic  cases  are  kuown  of  In- 
dian fakirs  who  have  sustained  a  complete  fast,  when  in  a  state 
of  trance,  for  from  four  to  «ix  weeks  ;  but  such  persons  have 
lung  prepared  thentaetves,  and  have  been  supposed,  further,  to 
bo  under  the  influence  of  opiates.  Under  ordinary  circnm- 
■tances,  however,  complete  abstinence  from  food  and  drink 
cannot  be  supported  beyond  the  eighth  or  tenth  day  without 
danger.  Water,  or  a  moist  ntnionphere,  will  enable  people  to 
live  ten  or  twelve  days.  Young  animals  generally  sink  more 
npidly  tlian  old  ouea.  Of  the  150  individuals  wrecked  in  the 
Mtdum,  only  fifteen  survived  after  thirteen  days  of  sLirvation  ; 
sad  some  of  these  had  a«siiited  in  catiug  parts  of  the  dead 
bodteti  of  their  companions.  One  of  the  most  important  effects 
of  atarvatioD  to  attend  to  is,  tluit  after  some  ilays  it  destroys 
the  power  of  digestion  itself  to  a  great  extent.  Heuca  the 
extreme  caution  necessary  in  treating  such  a  case.  At  first  only 
flaids  should  be  given  containing  little  nutriment,  llic  amount 
of  which  must  be  gradually  increased. 

EscesB  of  hunger  causes  a  disease  named  Bidimia.  Captains 
Parry    Frnnkliu,  and  other  Arctic  voyagers,  relate  numerous 
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inatanccB  where  the  Esquimans  devoured  with  impanity  enor- 
mous quantitiea  of  food.  Tn  ono  case  35  lbs.  of  meat  were  ci 
Humed  in  twenty-four  hours,  besides  several  fallow  candles. 
The  moBt  remarkable  instance  on  record  is  the  one  of  Torrari, 
a  soldier  described  by  M.  Percy.*  Oh  the  other  hand,  some 
persous  from  habit  have  lived,  like  ComHro,  on  a  very  spftrs 
diet.  Many  of  the  extraordinary  cawa  of  fasting  are  incredible. 
Anne  Moore,  of  Tutbury,  who  pretended  to  live  without  any 
food  whatever,  on  being  ciirefully  watched  night  and  day,  had 
scarceiy  strength  enough  left  on  the  tenth  day  to  confess  the 
fniad  she  had  practised  ;  and  Barah  Jacob,  who  was  only  aged 
thirteen,  when  similarly  watched,  expired  on  the  ninth  Uay.-I- 

Mastic  ATI  OS. 

The  food  must  be  projjerly  prepared  for  the  changes  it  ii 
destined  to  undergo  in  the  atJ^iuach;  and  to  this  end  it  must  b< 
broken  down  by  the  action  of  the  t«eth,  jaws,  and  tongue. 

Teeth. — A  description  of  the  teeth  belongs  to  anatomy — their 
hiBtologioal  structure  is  described  p.  86.  All  that  need  be  said  , 
here  is,  that  the  incisor,  canine,  and  molar  teeth  are  organs 
admirably  adapted,  in  man  iind  in  the  inferior  animals,  for  ' 
seizing,  lacerating,  and  grindiug  various  kinds  of  food.  They 
are  fixed  in  the  jaws,  which  move  about  in  various  directiona 
by  the  action  of  the  musclea  Man,  having  a  variety  of  move- 
ments, possesses  a  very  complicated  apparatna  for  this  pur- 

The  first  set  of  teeth  which  appear  after  birth  c 
be  slied  about  the  fifth  year,  and  are  called  ttmporary.  They 
are  twenty  in  number, — viz.,  four  indtort, 
four  malarM  in  each  jaw.  The  permanent  teeth  are  thirty-two 
in  number, — viz.,  four  incisors,  two  canines,  four  bicuspiiis,  and 
six  molars  in  each  jaw.  The  first  set  are  developed  within  the 
jaw  before  birth,  but  cut  through  the  guma  in  the  following 


7  to  9  months,  18  mouths.  12  t^  24  months. 

The  permanent  teeth  are  formed  in  the  jaw  lielow  the  tem- 
porary ones,  and  both  seta  exist  there  at  once  about  tlie  fiftli   J 


MASTICA  TION,  193 

year  of  extra-uterine  life.    The  lattor,  however,  push  out  the 
or  cause  them  to  be  shed  in  the  following  order  : — 


First  molar  and  central  inferior  incisor     .          6  to    7 

The  same  in  the  upper  jaw 

6to    8 

Lateral  incisors 

7  to    9 

Anterior  bicuspids 

8  to  10 

Canines       .... 

9  to  12 

Posterior  bicuspids 

10  to  12 

Second  molar 

12  to  14 

Third  molar,  or  wisdom  tooth 

17  to  25 

As  a  general  rule,  the  appearance  of  the  lower  range  precedes 
the  upper. 

Tongue, — ^The  tongue  continually  gathers  together  the  ali- 
ment from  below  the  dental  arches,  and  when  food  is  of  soft 
material,  assists  in  crushing  it  against  the  palate.  To  fulfil  this 
function,  it  not  only  possesses  great  mobility,  but  is  endowed 
with  tactile  and  special  sensibility,  connected  with  numerous 
papillfld  (Plate  IX.,  figs.  7,  8,  and  9),  whereby  we  are  enabled 
to  judge  of  the  physical  qualities  and  situation  of  aliment  in 
the  mouth,  as  well  as  to  piujh  it  about  continually,  and  appre- 
ciate the  degree  of  trituration  it  undergoes.  The  tongue  is  also 
necessary  in  the  acts  of  suction,  speech,  and  deglutition,  and  is 
supplied  with  five  nerves.  Of  these,  the  Hypoglossal,  or  ninth 
cranial  nerve,  governs  the  combined  muscular  movements  of  its 
anterior  half,  although  other  movements  of  the  organ  are  regu- 
lated by  the  nerves  which  influence  the  muscles  of  the  lower  jaw 
and  OS  hyoides,  to  which  bones  it  is  attached.  The  function  of 
the  Chorda  tympani  (a  communicating  branch  between  the  facial 
nerve  and  gustatory),  which  terminates  in  the  tongue,  is  unknown. 
The  sensibility  of  the  organ  both  to  touch  and  to  taste  is  de- 
pendent on  the  Gustatory y  or  lingual  branch  of  the  fifth  nerve, 
in  its  two  anterior  thirds,  and  on  the  Glosso-Pharyngeal  nerve 
in  its  posterior  third.  Whether  the  filaments  it  receives  from 
the  internal  laryngeal  branch  of  the  Suptrior  Laryngeal  nerve 
connect  the  tongue  more  especially  with  speech,  is  not  known. 

Lips  and  Cheeks. — The  lips  being  closed,  they,  with  the  mus- 
cular walls  of  the  cheeks,  assist  mastication,  in  keeping  the 
food  in  the  cavity  of  the  mouth,  and  preventing  its  accumula- 
tion outside  the  dental  arches.    They  serve  also  for  the  pre- 


'94- 


INSALIVA  TION. 


henaion  of  tlie  aliment,  for  suction,  articulfition  of  soands, 
and  the  eipreasLon  of  tlie  passions.  The  mnsclea  concerned 
tbeae  actions  are  under  the  influence  of  tlie  facial  ucrve  (porCio 
dura),  while  the  seuaibility  of  tlie  parts  is  dsjieDdeot 
tegrity  of  the  senBory  brauchee  of  the_^(A  nerve.  The  muscles 
of  mastication— nnmely,  the  tuasseter,  temporal,  internnl,  and 
external  pterygoid— are  supplied  by  the  motor  branches  of  the 
third  dieiiion  of  the  Jijih  nerve.  Tlie  proper  muscle  of  the 
clieek,  the  buccinator,  is  aupplicJ  liy  both  the  aeitiich  and  fiJiK 

As  the  result  of  these  combined  operations,  the  food  is  broken  J 
down,  the  utility  of  which  must  be  obvious.     All  chemical  pro-  1 
^l/itJ  ce^ea,  and  the  action  of  solvents,  is  favoured  by  division  of  the  I 
A  matter  to  be  operated  on.    Too  rapid  nating  is  a  comtoon  cause 
of  indigestion  ;  and  considenible  masses  of  food,  if  not  broken 
by  tlie  teeth,  pass  through  the  digestive  caual  unaltered,  and 
deficieut  nourishment  is  the  result,  and  this  especially  if  such 
mxisaea  be  principally  vegetable,  or  contain  the  skins  of  fruit 
Qud  husks  of  giiiio. 

ISSALIVATIOM. 

In  the  roouth,  masticated  food  ia  intimately  mingled  with  I 
the  saliva,  a  viscous  fluid,  which  is  secreted  from  a  conaiderablo  | 
number  of  glands. 

Salivary  (riandi. — The  true  salivary  glands  are  the  parotid,  J 
Hubmazillary,  aud  subtiuguat  glands.     Scattered  c 
face  of  the  mouth  and  tongue,  however,  are  various  others,  such  I 
aa  the  labial,  buccal,  palatine,  and  lingual  glands,  and  the  ton-  I 
sila.    Most  of  these  are  of  the  lobnlated  or  racemose  variety,  T 
terminating  in  acini,  or  caical  pouches,  in  groups  commimicatiug;fl 
with  a  duct  (Plate  IX.  flg.  2),     Others  contain  closed  s: 
the  tonsils  (Fig.  5),  or  depressed  follicles  (Fig.  G).    Mixed  saliva,  1 
on  microscopical  exAmination  with  a  power  of  250  diamel«ra, 
raay  be  seen  to  contain  groups  of  flattened  epithelial  cells,  from 
the  surface  of  the  mouth,  mixed  with  globular  nucleated  or  true 
salivary  cells,  shewing  Bruttonian  movements  and  numerous 
molecules  (Table  IX.  fig.  3). 

C/iemical  Compoaiti<m  of  Saliva. — Water  is  present  in  lODO 
parts  from  905  to  992,  and  solid  residue  from  5  to  6  parts.    It 
oont<uuB  a  peculiar  animal  principle,  Pti/alin,  in  from  1  to  4  | 
parts ;  epithelial  mucus  from  1  to  S^  parts ;  fatty  matters  from 
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I  to  S  parts ;  ailta  from  1  to  2|  pnrts  \  ant]  sulpho-cyauide  of 
potAMJiinE  from  '06  to  '10  pnrts.     Saliva  is  alkaline. 

Functions  of  the  Saliva. — Its  uses  are — lat.  By  keeping  the 
mouth  moist,  to  favour  articulation  ;  2d,  To  assiat  in  mastica- 
tion, it  beiug  much  more  dilllcull  to  break  down  dry  than 
moist  Hubatances  ;  3(1,  To  facilitaU  deglutition,  aa  it  is  impos- 
sible to  Bwallow  dry  matters  ;  4tli,  To  operate  upon  certain  con- 
Btituents  of  the  food  chemically,  and,  though  there  ia  great 
difference  of  opinion  as  to  how  thia  ia  accompliahed,  it  is  snp- 
poaed  to  act  more  eapeciuUy  on  the  starchy  constitueutA,  readily 
converting  them  into  glucose  or  grape  sugar  ;  5lh,  Liehig  aiip- 
poeee  that,  owing  to  the  viacidily  of  the  antiva,  air,  in  the  form 
of  froth,  ia  carried  to  the  stomach,  and  there  yields  up  ita  oxygen 
to  unite  with  the  tiasues  or  the  food. 

It  is  the  Ptyulin  in  Saliva  which  operatea  in  a  peculiar  way 
upon  starch,  like  a  ferment,  and  a  very  minute  portion  aeema  to 
b«  sufficient  fur  the  purpose.  One  part  converts  2000  pnrts  of 
starch  into  dextrin  and  sugar  (Mialhe).  Bernard  has  ahown, 
howiiver,  that  other  auinuU  fluids  poasesa  a  nimilar  property, 
but  in  a  more  feeble  degree.  According  to  him,  buccal  saliva 
is  a  mixed  fluid,  and  originates  from  three  sources,  each  of 
which  communicates  special  properties  to  it.  Thus  the  parotid 
glands  secrete  a  clear,  litjuid  fluid  necessary  for  mastication  ; 
the  submaxillary  glands  secrete  a  more  gelatinoua  fluid,  which 
ifl  connected  with  the  sense  of  taste  ;  and  the  sublingual  and 
pftlatine  glands  furniiib  a  viscous,  mucous  matter,  which  sur- 
rounds the  bolus  externally,  and  causes  it  to  slide  more  easily 
through  the  fauces  and  ccdophngua.  According  to  Bidder  ami 
Schmidt,  about  3|  lbs.  of  it  are  secreted  daily  ;  but  Harley 
estimates  it  from  1  to  2  lbs. 

Infiuencv  of  the  nen/oia  tffstem  on  lalivalion. — The  food  in 
the  mouth  constitutes  the  stimulus  for  the  0ow  of  the  saliva, 
and  the  common  expression  of  the  idea  of  a  fe>ast  making 
■  man's  mouth  water,  shews  that  the  secretion  miky  be  ex- 
cited by  mental  emotions.  According  to  the  experiments  nf 
Bernard,  and  of  subse()ueut  investigators,  there  are  two  nervous 
arcs  whicli,  through  reflex  action,  excile  salivation  ;  the  one 
having  for  its  centre  the  brain,  and  the  other  the  submaxillary 
ganglion.  In  this  way  he  explained  the  increased  flow  of 
aalivii(l.)  on  irritating  the glossn- pharyngeal  and  lingual  nerves 
in  the  mouUi  ;  (i.)  by  irritating  the  fiicial  nerve  or  the  chorda 
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tytnpani;  (3.)  by  irritating  tlie  muscles  of  mosticjition  ;  [4.)  by 
irritating  the  fourth  vcDtncle  in  the  brain,  or  the  upper 
tremity  of  the  sympathetic  divided  in  the  neck  ;  (5.)  by  mental 
emotions  ;  and  (6.)  by  certain  poisons  operating  on  the  blood, 
Huch  aa  the  Calabar  bean,  Mercury,  or  Woorara.  Pfliiger  de- 
scribes and  tigurea  the  extremities  of  the  nerve  tubes  forming 
direct  communication  with  the  salivary  gland  cells,  but  this  has 
Dot  been  confirmed  by  other  kistologiats,  and  is  denied  by 
Heideuliain.'* 

Dboltjtition. 
The  food,  reduced  to  a  minute  pulp  by  means  of  mastication 
and  insalivation,  is  now  carried  from  the  mouth,  through  tha 
ceaophagus  or  gullet  to  the  stomach  (Plate  IX.  fig  1,  A).  This' 
is  accomplished  by  a  rapid  contraction  of  numerous  muscular 
parts,  which  unite  together  to  prodtiee  the  desired  efi'ect  by  tha 
agency  of  a  certain  series  of  nerves  actiug  tlirough  the  spinal 
c«rd ;  hence  called  diattatlic  (i.a,  through,  m)iA»,  to  contract}. 
8o  long  aa  the  bolus  of  food  is  contained  in  the  anterior  pfirt  of 
the  mouth,  it  is  under  the  coutrol  of  the  will,  but  once  pushed 
bock  by  the  pressure  of  the  tongue  against  the  hard  paiate,  to 
the  posterior  third  of  the  tongue,  it  is  involuntarily  conveyed 
into  the  stomach.  For  this  purpose  the  lips  are  closed,  to  pre- 
vent escape  of  the  morsel  (interiorly  ;  the  soft  palate  is  elevated 
by  the  Utator patali  and  eircumJUxia  or  ten»i»-  paiati  muscles  to 
prerent  its  passage  into  the  nasal  cavities  above  ;  the  contrao- 
tion  and  backward  action  of  the  tongue  presses  the  epiglottis 
over  the  Wyni,  which,  however,  is  closed  essentially  by  the  ap- 
|iroximatiou  of  the  true  and  false  vocal  cords,  and  the  lapping 
over  these  of  the  epiglottis  which  touches  the  posterior  wall  of 
the  pharyni,  as  shewn  by  Czermak  with  the  laryngoscope, 
This  effectually  prevents  the  food  from  passing  into  the  wind- 
pipe inferiorly  ;  and  thus,  no  other  mode  of  escape  being  left 
open,  the  pressure  of  the  various  musslea  of  the  mouth,  pharynx, 
and  oesophagus  carries  it  by  a  continuous  wave-like  motion  from- 
above  downwards  towards  the  stomach.  The  cardiac  orifice  of 
the  stomach  then  opens,  and  the  bolus  slips  through  into  that 
visc-us.     The  mucous  surface  of  the  DCsophagUH  is  kept  moist  by 
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a  series  of  small  compouod  racemose  mucmis  glands,  Ibe  secre- 
tion from  which  facilitatea  the  process.     (See  Plate  IX.  fig  10). 
Ilie  nervous  indueiices  affecting  deglutition  will  be  described 
ander  the  head  of  Reflex  or  Dinslaltic  Actions. 


DlGEf 


fi  Stomach. 


The  stomach  is  a  bag  {Plate  IX.  fig  1,  E)  in  which  further 
mechanical  and  chemical  processes  are  mode  to  operate  upon 
the  food  in  order  to  fit  it  for  aoaimilatiou  or  conversion  into 
blood  tuid  tissues.  It  is  of  various  forms  in  different  auinials, 
and  more  or  less  complex  in  its  structure.  In  man  uf  adult  age 
ita  internal  surface  has  an  area  of  about  one  and  a  quarter 
square  feet ;  its  capacity  is  about  one  hundred  and  seventy-six 
cubic  inches  or  five  pints  ;  ita  weight  is  seven  ounces.  In  women 
and  children  these  estimates  must  be  lowered,  hot  they  are  in- 
crenaed  by  habitual  distension,  and  by  the  relaxation  of  old  age, 
and  diminished  by  exercise,  and  by  the  practice  of  taking  sniaJl 
menla  (Brintou).  The  substance  of  thia  bag  is  compeeed  of  a 
serous  membrane  externally  from  the  peritoneum,  a,  must.'ular 
Goat  in  its  centre,  and  a  mucous  layer  internally.  The  muscular 
ooat  is  composed  of  three  layers  of  contractile  non-voluntary  fibre, 
which  doses  upon  tlie  food,  and  subjecdi  it  to  trituration  or 
kneading,  whereby  the  whole  of  it  is  intimately  mingled  together, 
and  mixed  with  the  gastric  juice.  It  is  also  pushed  about  in  it 
certain  direction,  moving  along  the  great  curvature  from  left 
k>  right,  &nd  then  along  the  lesser  curvature,  from  right  to  left 
ThMe  motions  continue  until  the  entire  mass  of  food  is  brokeu 
dowa  into  a  fine  pulp,  called  e/iyfite,  which  passes  out  of  the 
Btomoch  through  the  pyloric  orifice.  The  stomach  seems  to  be 
more  irritable  during  the  perio<l  of  digestion,  and  its  contrac- 
tility more  energetic  ;  bo  that  a  stimulus  will  operate  then  whicli 
will  produce  no  effect  in  the  interval,  or  when  fasting.  Hence 
i«  explained  wliy,  during  digestion,  the  outward  orifice  is  so 
finnly  closed  that  nothing  but  the  finest  pulp  poasesthrough  it  ; 
but  this  process  once  over,  undigealed  masses,  and  even  large 
bo<liee,  such  as  coins,  have  been  known  lo  go  through.  The 
different  motions  of  the  Htomack  now  spoken  of  have  actually 
been  seen  to  take  place  in  the  living  liumou  body,  in  a  remark- 
able case,  the  study  of  which  has  ao  improved  our  knowledge  of 
this  function  that  it  deserves  espeml  notice. 
Com  of  St  Hartin.— St  Martin  was  a  Canadian,  eighteen 
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years  of  age,  wlio,  when  ia  perfectly  good  heaJtli,  was  accident-  1 
ally  wounded  by  the  discharge  of  a  niuxket  on  the  6th  of  June   j 
1822.    "The  charge,"  says  Dr  Beaumont,  "cousiHting of  powder  I 
and  duck-shot,  wub  received  in  the  left  aide,  at  the  distance  of  I 
one  yard  from  the  muzzle  of  the  gun.     The  contents  entered   [ 
posteriorly,  and  in  an  obliijue  direction,  forward  and  inward, 
literally  blowing  off  the  integuments  and  luuBcles  to  t 
a  man's  hand,  fracturing  and  carrying  away  tlie  anterior  half  of 
the  sixth  rib,  tracturiug  the  fifth,  lacerating  the  lower  portion 
of  tlie  left  lobe  of  the  lung,  the  diaphragm,  and  perforating  the 
Btomach."     From  this  injury  he  gradually  retuvered,  but  the 
orifice  never  closed.     When  healed,  twelve  mouths  after  the  I 
accident,  the  perforation  was  two-anj-a-lialf  inches  in  diamet«r.   ] 
Subsequently  a  small  fold  of  the  mucous  coat  of  the  stomach  j 
appeareil,  whieh  gradually  increased  till  it  filled  the  apertur^  I 
and  acted  us  a  valve,  so  as  completely  to  prevent  any  eflux  from   j 
within,  but  to  admit  of  being  pushed  back  by  the  finger  from   1 
without     Dr  Beaumont,  who  had  carried  this  difiicnlt  case  to  »  J 
successful  termination,  took  the  man  into  his  service, 
meuced  a  series  of  careful  observations,  which  he  has  embodied  I 
in  one  of  the  moat  instructive  works  eitant  on  the  subject  of  I 
digestion.     On  placing  a  solid  substance  through  the  opening  f 
into  the  stomach  of  St  Martin,  it  was  seen  by  Dr  Beaumont  to  I 
be  subjected  to  the  movemeuUt  described. 

Other  cases  of  permauent  openings  iuto  the  human  stomach 
have  since  occurred.  That  of  an  Esthonian  peasant — a  woman, 
aged  33— came  under  the  observation  of  Bidder  and  Schmidt, 
who  made  several  observations  upon  her.  Two  others  I  have 
seen  myself,  but  their  general  healtli  was  so  bad  as  to  prevent 
the  possibility  of  watching  the  process  of  digestion  in  them  with  J 
any  advantage.  I 

The  movements  of  the  stoniacli,  though  useful  in  perfecting 
and  facilitating  digestion,  do  not  constitute  the  essential  part  of 
the  process,  as  was  shewn  by  Uic  eziierimentn  of  SpoUanKani, 
who  caused  perforated  metallic  balls  to  be  swallowed,  filled  wilh 
food,  which,  notwithstanding  the  absence  of  trituration,  was 
perfectly  digestetl  in  the  stomach. 

titjliu-nix  of  tkt  nervou*  ti/ntaa  on  digaaion.—'Dr  John  Eeid  I 
ascertained  on  cutting  both  vtgi  nerves,  that  tlie  food  was  only  I 
digested  towards  the  circumference  of  the  moss,  whei 
in  coutAct  with  the  coata  of  the  stomach.    His  experiments,  J 
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however,  were  performed  on  lierbivorouB  auimalB  (liorses,  tseea, 
and  ralibits)  where  the  food  ia  bulky  and  difficult  of  solution, 
nquiring  to  be  coDBlantly  changed  in  ita  position.  On  repeating 
the  esperinients  on  dogs  fed  upon  fleeh,  he  found  the  food  per- 
fectly digested  aiter'Hffctiou  of  the  t>agi.  The  movementa  of  the 
stomach,  therefore,  though  useful  in  all  aniniala,  and  necessary 
in  some,  do  not  furnish  the  essential  conditionH  for  digestion, 
which  are  supplied  by  the  gastric  juice  aud  a  suitable  temperature. 

Tht  struclurt  of  the  gailric  mueaai  meinbrane.  It  is  composed 
of  tubules  from  ^  to  1  line  in  length,  and  about  I-300thof  an  inch 
in  diameter,  running  parallel  with,  and  cloaely  applied  to,  each 
other.  Their  shut  bases  rest  un  the  submucous  tissue,  and 
their  o|jen  extremities  are  directed  towards  the  cavity  of  the 
■tonoch,  where  groups  of  from  three  to  six  open  in  slight 
pulygoual  depressions  on  the  surface  called  alvtoli  (Plate  X.  a, 
fig.  1}.  The  open  mouths  of  these  glands  are  somewhat  con- 
(tricteil,  the  amount  of  this,  however,  varying  with  the  dis- 
tension or  contraction  of  the  vihcub  (fig,  2).  On  being  mag- 
nified 250  diameters  linear,  they  may  be  seen  to  be  of  two 
kinds,  one  lined  with  columnar  epithelium  throughout,  moat 
abundant  near  the  pylorus,  and  supposed  to  secrete  only  mucous 
(Plate  X.  fig.  6]  ;  the  other  only  lined  by  columnar  epithelium 
above,  and  coutAiuing  molecules  and  cells  below,  which  form  the 
gutric  juice.  These  latter  tubes  exist  over  the  cardiac  and 
middle  portions  of  the  stjimach,  and  on  careful  examination  will 
lie  found  to  contain  molecules,  nuclei,  and  cells  in  different  stages 
of  formation,  as  figured  by  Frerichs.  (See  Plate  X.  figs.  3,  4,  6, 
6,  7.)  The  htrge  cells  which  secrete  the  gastric  juice  are  seen 
t'A  «au— figs.  C  and  7,  and  isolated,  fig.  a  It  is  those  cells 
containing  the  gastric  juice  which  are  poured  forth  in  enormous 
numbers  during  the  period  of  digestion,  and,  by  their  rupture, 
yield  the  peculiar  acidulated  organic  fluid  so  essential  for  the 
ptrocess.  In  the  intervals  of  digestion,  freah  cells  and  juice  are 
•ecretvd  within  the  folltcles,  and  the  reaction  of  the  inner  lining 
of  the  stomnch  becomes  neutiul  or  alkidine.  Shut  sacs,  like 
thone  of  Peyer's  glands,  are  also  found  in  the  mucous  membrane 
*f  the  stomach,  most  numerous  uear  the  pylorus,  and  beat  seen 
in  the  stomachs  of  infauta  and  children  (PI.  X.  Bg.  10). 

The  wndiiiontfavouralhfor  i/ood  digation  in  the  sloniach  are 
— Ist,  A  temperature  of  about  100"  Fahr.=37-7''  Cent. ;  2ii, 
Conataat  movement  of  the  walle  of  the  stomach,  which  brings 


DIGESTION  IN  THE  STOMACH. 


u  every  pari  of  the  food  in  cootact  with  the  mucoua 
membrane  and  gaatric  juice  ;  SU,  The  removaJ  of  such  portiona 
!LB  Lave  beeu  fully  digeated,  so  thiit  what  remaiuH  undigested 
may  be  brought  more  completely  into  couLict  with  the  solvent 
Huid  ;  and  4th,  A  state  of  Boftneas  nud  minute  division  of  the 
aliment.  Numerous  experiments  have  shewn  that  digestion 
will  go  on  in  gastric  juice  out  of  the  stomach,  but  that  it  takei 
three  or  four  times  longer  a  jicrioii  than  when  performed  by 
stomach  itself.    (See  Gastric  Juice,  p.  202.) 

dccordiug  to  the  experiments  of  Dr  Beaumont  upon  St 
!&Iartiu's  stomach,  the  rapidity  of  digestion  varies  according  aa 
the  food  is  more  minutely  divideil,  whereby  the  extent  of  aiur- 
£ace  with  which  the  gastric  fluid  con  come  in  coalact  with  it  it 
proportionally  increased.  Liquid  substauces  are  for  the  most 
part  absorbed  by  the  vessels  of  the  stomach  at  once,  and  any 
'/solid  matter  suspended  in  tlieni,  as  in  soup, flce^oncentra tad 
into  a  thicker  material  before  the  gastric  juice  operates  upon 
them.  Solid  matters  are  affected  so  rapidly  during  health,  that 
a  full  meal,  consisting  of  animal  and  vegetable  subatances,  may 
be  converted  into  chyme  in  about  an  hour,  and  the  stomach 
left  empty  iu  two  hours  and  a  half.  Dr  Beaumont  found  that 
among  the  substances  most  quickly  digested  were  rice  and 
tripe,  both  of  which  were  digested  in  one  hour.  Eggs,  Balmon, 
trout,  apples,  aud  venison  were  digested  in  one  hour  and  A- 
half  ;  tapioca,  barley,  milk,  liver,  and  fish,  in  two  hours  ;  tur- 
key, lamb,  aud  pork,  in  two  hours  aud  a  half.  Beef,  mutton, 
and  fowls  reiiuireJ  from  three  to  three  and  a  half  houia,  and 
these  were  more  digestible  than  veal.  These  facta  were  differ- 
ent from  what  was  anticipated,  and  shew  tliat  prevailing  uotiona 
as  to  the  digestibility  of  ditferent  kinds  of  food  are  very  crro- 
nraus.  It  must  be  remembered,  however,  that  easy  digestibility 
does  not  imply  \l\^  nutritive  power.  A  substance  may  ba 
nutritious,  though  so  bard  as  uut  to  be  readily  brokpn  down ; 
and  many  soft,  easily  digested  materials  may  contain  a  compa- 
ratively small  amount  of  nutriment. 

Other  circumstoucee  besides  those  referred  to  affect  digestion 
in  the  stomach.  Among  these  are — 1st,  The  quantity  of  food 
taken  :  the  stomach  should  be  moderately  filled,  but  nut  dis- 
tended ;  2d,  The  time  which  has  ekpsed  since  the  last  meal, 
which  should  always  be  long  enough  for  the  food  of  one  meal 
to  have  completely  left  the  stomach  before  more  is  introduced 
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3d,  The  amouut  of  exercise  previoua  and  aubeequent  to  a  meal, 
— gentle  exercise  being  favourable,  and  over-eiertion  iajurioua 
tn  digestion  ;  4tb,  The  atate  of  mind, — trauquiUity  of  temper 
being  apparently  eauential  to  a  quick  and  due  digestion  ;  Qth, 
The  bodily  health  ;  Cth,  The  atate  of  the  weather  ;  7th,  Period 
of  life, — digestion  being  more  active  in  the  young  than  in  the 
old. 


DiOBSTlON  11 


B  Ihtestibbs. 


The  inteHtinea  have  been  divided  into  small  and  large,  and 
each  of  these  subdivided  into  three  portioue.  Thua  the  small 
ioteatine  \a  divided  into  duodenum  (aee  Flute  IX.  fig.  1,  I), 
jejUDUm  (E),  and  ileum  (L)  ;  and  the  larger  ioteatine  into 
cmam  (M),  colon  (N),  and  rectum  (O).  The  whole  conatitatea 
a  hollow  tube,  with  serous,  contractile,  and  mucous  coats,  eimi- 
lu-  to  but  not  identical  with  those  of  the  atoniacb,  The  food 
operated  on  in  the  manner  described  enters  the  upper  part  of 
this  tube — ^the  duodenum — in  the  form  of  a  thii^k,  grumoua 
fluid,  ekymt,  of  a  strong,  disagreealjle  acid  odour  auil  taste,  and 
containing  undigested  portions  of  the  food.  This  is  now  pro- 
pelled from  above  downwards  by  the  action  of  the  contractile 
fibres  of  the  intestine.  As  it  descends,  it  is  subjected  to  two 
kinds  of  operations — l»t.  The  inflnence  of  various  Quids  witb 
which  it  is  mixed  ;  and  2d,  The  gradual  absorption  of  its  nutri- 
tlTe  subsUnce  through  the  inteHtiaal  walls  into  the  sj-atem. 

Shortly  after  the  chyme  has  passed  out  of  the  stomach,  it 
becomes  miied  with  the  bile  and  pancreatic  juice — two  fluids 
secreted  respectively  by  the  liver  and  the  pancreas,  which  in  man 
enter  the  duodenum  by  a  common  opening.  Tlie  e»act  influence 
exerted  by  the  bile  on  the  chyme  is  not  accurately  known  ;  but 
it  is  supposed  to  neutralise  somewhat  the  gastric  juice,  and  so 
to  operate  as  to  render  the  nutritive  and  excrementitioua  matter 
more  easily  separable.  The  bile  serves  other  purposes  in  the  eco- 
nomy, which  will  be  dwelt  on  subsequently.  The  pancreatic  jnice 
in  a  clear  alkaline  fluid,  which  haa  the  property,  when  mingled 
vithadropofoilfOf  emulsioniBingit  with  the  greatest  readiness. 
Numerous  observations  and  experiments  by  M.  Bernard  have 
shewn  that  it  operates  with  the  greatest  readiness  on  the  fatty 
couatitneDts  of  the  food  ;  and  that  in  sach  animals  as  have  the 
psoCTeatic  separated  from  the  biliary  duct  for  some  distance,  as 
in  tJte  rabbit,  milky  chyle  is  only  formed  in  the  lymjihatica 
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after  the  food  has  passed  the  fonner.  Heuce  there  can  be 
tittle  doiiht  it  does  emulsiuniae  the  fluid  fat  of  the  food,  and  fit 
it  for  assimilation.  At  the  same  time,  recent  observntions 
shew  thiit  this  ia  not  its  exclusive  action,  but  that  it  also  assiste 
in  digesting  the  other  constituents  which  have  escaped  the 
operations  of  the  mouth  mid  stomach.  The  chyme  is  also 
mingled  with  the  fluid  of  the  Brunerian  gknda  of  the  duo- 
denum, which  are  true  compound  mceraose  glands  (Plate  X.  fig. 
IS),  and  of  t)ie  glands  o&^^^t^sd  Lieberkiihn  (Flnte  X.  figs. 
10,  II,  13,  ig,  20, 31),  scattered  over  the  small  intestine  general);. 
As  the  chyme  passes  along  the  intestiuul  canal  from  above 
downwards,  it  is  squeezed  by  successive  contractions  of  the 
tube  forcibly  against  the  mucous  coat  of  the  intestine.  This  la 
covered  with  prominences  of  various  forms  and  lengths,  deno- 
minated villi,  which  are  pendulous  folds  or  projections  of  the 
mucoQs  coat  itself,  covered  by  epithelium,  and  enclosing  blood 
vessels,  one  or  more  lacteal  vessels,  and  fine  muscular  fibres,  so 
that  they  present  a  great  extent  of  surface,  over  which  the  chyme 
passes  (Plate  X.  6g8.  12,  13,  14,  20,  21).  The  mor^  fluid  parts, 
containing  euch  portions  of  the  food  as  have  been  reduced  to 
exceiisive  fineness,  now  pass  through  the  membrane,  and  enter 
a  series  of  ducts  provided  for  that  purpose.  (See  Chylijicafion.) 
As  the  chyme,  therefore,  descends  the  ahmentarj  tube,  it  ia 
constantly  losing  ita  more  fluid  and  nutritive  portions,  while 
other  portions  of  it  are  being  still  farther  digeetod  and  pre- 
jiared  for  a  like  absorption.  On  reaching  the  ctecum,  or  com- 
mencement of  the  large  intestine,  it  assumes  a  fiDcaJ  odour,  and 
baa  now  lost  nearlythe  whole  of  ita  nutritive  matters.  Such  as 
remain,  however,  ore  absorbed  by  the  targe  intestine,  whilst  the 
useless  matter  becomes  more  and  more  solid,  until  it  is  expelled 
through  the  rectum.  Supposing  that  30  ok.  of  solid  nutriment 
have  been  taken  in  the  course  of  twenty-four  hours  by  a  healthy 
individual,  only  6  oz.  of  these  are  expelled  as  faeces  ;  so  t 
at  have  been  prepared,  elaborated,  and  finally  passed  ii 
body  to  form  blood,  and  through  it  into  the  various  tissu 
secretions,  to  supply  the  wants  of  the  economy. 

Digestive  Flcids. 

1.  Tkemliva.     (Seep.  194.) 

2.  The  gaitric  juice  is  slightly  acid,  and  contains  a  peculii 
autmol  principle,  peptin.    It  has  been  much  disputed  by  cl 
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p.  II.)  The  gastric  juieehaaiui  extraordinsry  solvent  power  on 
the  albuminous  constitueats  of  the  food,  as  well  as  on  gelatiD, 
chondrin,  and  gluten,  which,  when  dissolved  in  it,  produce  a 
material  called  pirptone.  One  part  of  pepaiu  dissolved  in 
60,IXK)  parta  of  water  will  effect  this.  In  children,  and  in 
healthy  rulultii  dying  suddenly  after  a  full  meal,  the  gastric 
juice  often  acts  upon  the  coata  of  the  stomach  after  death,  when 
its  most  dependent  part,  where  the  fluid  gravitates,  is  dissolved. 
The  gastric  juice  has  no  further  influence  on  fatty  substances 
th&n  that  of  liquifying  them  ;  so  that  the  albuminous  and  fatty 
Donitituents  of  the  food  pass  into  tlie  duodenum  in  a  liquid 
stat«,  mingled  with  brokeu-down  portions  of  animal  and  vege- 
table eubatancea,  in  the  form  of  u  pulp  called  ch^me.  This  is 
thea  mingled  with  the  bile  and  pancreatic  juice. 

3.  Tkt  bUe  is  a  slightly  alkaline,  opaque,  and  brown-coloured, 
bitter,  ropy  fluid,  which  ueutraliaes  the  action  of  the  gastric  juice, 
niid  renders  albuminous  substances  again  soluble.  It  contains 
cholestrine,  taurochocolate,  and  glycochocolate  of  sodium  and 
potaswum,  fata,  salts  of  fatty  acids,  mineral  salts,  and  colouring 
nurtter.  (SeeChemistry  of  the  Tissues,  pp.  12, 10, 17,  19,32,3a) 
Place  a  piece  of  meat  in  a  glass  vessel  with  some  gastric  juice,  and 
it  will  soon  become  digested  ;  but  if  a  little  bile  be  aJdded,  the 
digestive  process  is  suddenly  arrested.  The  gastric  juice  pre- 
nerve*  ita  acidity,  but  loses  its  digestive  power.  This,  accord- 
ing to  Bernard,  depends  upon  the  precipitation  of  its  pepsin. 
Certainly  a  yellow  deposit  is  thrown  down,  which  adheres  to 
the  aides  of  the  intestine,  and  which  is  only  again  rendered 
soluble  by  llie  other  intestinal  fluids.  It  is  owing  to  this  pro- 
perty of  the  bile  that  digestion  is  at  once  arrestvd  when  any  of 
it  regurgitates  into  the  stomach,  cauabg  loathing  for  aqimal 
food,  nausea,  eructation  of  bile  and  vomiting,  or  so-called  bilioui 
IQrmptoms.     (See  Excretion  from  the  Liver.) 

4.  The  panfreatic  juice,  according  to  Bernard,  is  a  colourlev, 
TiBdd,  dear  fluid,  which  becomes  frothy  on  agitation,  and  is 
innriably  alkaline.  Exposed  to  heat,  it  congulntes  flnuly  and 
universally,  as  it  does  also  on  the  addition  of  nitric,  sulphuric, 
and  hydrochloric  acids.     It  contains  a  protein  substance,  whidi 

all  the  powers  of  the  secreliou,  called  panurtatin,  a  small 
amount  of  mineral  salts,  extractive  matters,  and  some  fat     It 
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a,  high  degree  the  power  of  emulHionisiDg  fluid  fats. 
(See  p.  118.)  It  also  cluuigea  amylaceous  mattere  into  sugar 
-within  the  intestine,  aD<l  inaj  assist  in  diaiutegrating  the  bile, 
and  readering  it  more  of  an  excretory  product. 

5.  The  inteslinai  juice,  secreted  by  the  Brnnneriau  and  other 
glands  of  the  intestine,  hna  been  shewn  by  Bidder  and  Schmidt 
to  be  caiwble  of  dissolving  the  albuminous  constituents  of  the 
food  which  have  escaped  the  solvent  action  of  the  gastric  juice. 
How  far  the  glaiida  of  Bruuner  may  influence  digestioD  dif- 
ferently from  those  of  other  intestinal  glands,  has  not  yet  been 
determined. 

The  quantity  of  the  fluids  secreted  daily  is,  according  to 
Bidder  and  Schmidt,  as  foUoira  : — 


BUe   . 

Gastric  juice . 
P.increatic  juice 
Intestinal  juice 


3 '5  pounds. 


0-44 


The  large  quantity  of  these  five  digestive  fluids,  amounting  to 
about  22  llw.  daily,  contains  little  solid  matter.  They 
dently  designed  to  dissolve  ojid  act  chemically  on  the  alimenUj 
While  some  of  them  operate  more  especially  on  one  kind  of  snl 
stance,  others  do  so  more  particularly  on  another,at  the 
that  they  are  not  exclusively  directed  to  one  object.  Thus  the 
pancreatic  juice  may  do  other  things  besides  emnlsionising  fat, 
and  the  intestinal  juice  may  perform  lower  down  in  the  canal 
what  the  stomach  has  failed  to  accomplish.  Tlien  the  import- 
ance of  the  peristaltic  movements  of  the  intestines  must  not " 
overlooked,  which  intimately  mix  the  food  with  the  diffei 
secTetiooB,  mid  constantly  propel  the  mass  from  above  d< 
wards  along  thu  tube.  Ls-stly,  all  the  various  processes  are 
necessary  to  and  assist  one  another.  The  saliva,  when  swal- 
lowed, stimulates  the  secretion  of  gastric  juice,  as  does  this  in 
its  turn  the  flow  of  the  bile,  pancreatic,  and  the  intestinal  juices; 
and  hence  why  indigestion  may  arise  from  a  pemiaueut 
diminution,  or  perversion  of  any  of  these  secretions,  as 
of  the  nervous  or  muscular  actions  concerned  iu  the  di; 


the  ^* 
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CarLliriCATlOS  ABD  SAMODinOATION. 

The  fooil,  prepared  aod  tw:Ud  upon  ia  the  mmmer  described, 
is  gently  propelled  by  the  peristaltic  contractions  of  tlie  ali- 
mentary caoal  aJoQg  its  interior,  and  is  at  the  same  time 
pr«ssed  against  the  numerous  villi  that  project  from  all  parts 
of  the  mucous  surface.  These  organs,  covered  with  a  layer 
of  conical  or  cylindrical  epithelial  cells  (Plate  X.  figs.  14 
and  15),  imbibe  the  more  finely  molecular  particles  of  the 
chyme,  which  pas»  through  the  delicate  walls  of  tlte  cells,  and 
may  be  seen  sliortly  after  digestion  collected  in  their  interior. 
The  watery  fluid  of  the  cbywe  is  for  the  most  part  absorbed 
by  the  blood  vessels. 

By  some  it  is  thought  that  the  flue  lines  seen  on  the  broad 
extremities  of  the  cells  are  minute  canals  (Plate  X.  figa.  14 
and  17),  through  which  the  matter  passes  (Kiilliker).  Others 
suppose  they  .-ire  embryonic,  or  not  yet  separated  cilia,  and 
analogous  to  the  structure  of  similar  cells  seen  on  the  respira- 
tory mucous  membrane  (Grubj  and  Delofond).  According  to 
Ueidenhaiu,  Briicke,  and  Funke,  there  is  a  direct  connection 
between  the  epitbelial  cells  coveriag  the  viUi  and  the  chyle  duct, 
■«  seen  in  Plate  S.  Gg.  S2.  Iiotzerich,  on  the  other  hand,  sup- 
poaei  that  flask-shaped  bodies,  which  occur  here  and  there  among 
the  epithelial  cells,  «j«  the  only  absorbing  parts,  and  that  these 
are  couiected  directly  with  a  plexus  of  minute  chyle  vessels 
which  torraiuate  in  the  larger  one  in  the  interior  of  the  vUlos, 
aa  seen  Plate  X.  fig.  2a  All  tbeM  views  have  beou  disputed  ; 
and,  indeed,  the  hisLological  inquiry  ia  one  of  great  difficulty. 
It  ia  most  probable  that  the  passage  of  the  molecular  mutter 
from  the  chyme  into  the  epithelial  cells  is  owing  to  endosmose, 
asinted  by  the  mechanical  pressure  exercised  by  the  muacular 
waUs  of  the  intestine.  The  mechanism  of  the  transmission  of  the 
molecular  chyle  into  the  primary  chyle  duct  is  aa  yet  unknown. 

The  molecular  fluid  so  derived  from  the  chyme,  and  absorbed 
into  the  chyle  vessels  of  the  villi,  now  passes  through  the  lym- 
phatic gUnds,  and  receives  contributions  from  them  and  others, 
the  whole  of  which  may  be  regarded  as  secreting  the  blood,  and 
are,  therefore,  called  the  Uood  ^andi.  These  consist  of  the 
lymphatic  glands  generally,  of  the  glands  of  Peyer,  of  the  spleen, 
tupra  renal  capsules,  thyroid  and  thymus  glands,  and  of  the 
pituitary  and  pineal  glands. 
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The  li/mphaiic  glands. — A  lymphatic  gland  codsLbIs  of  &  cortial 
aitd  medullary  portion,  composed  of  poiicbes  or  sacs  separated 
by  fibroas  tiBSiie,  and  mirrounded  by  a  firm  fibroua  membrane, 
which  is  richly  aupphed  bj  blood-veBsela.  The  interior  of 
these  pouches  or  soca,  which  communicate  with  each  other, 
coutoina  a  mulecuUr  fluid,  in  which  numerous  nuclei  and  a 
few  cella  may  be  found  in  all  stages  of  development  (Sec 
Plate  X.  fig.  24),  According  to  Hia,  there  ia  a  apace  left 
around  t!ie  gland  pulp,  between  jt  and  the  wall  of  the  bms^, 
which  he  terms  the  lymph  tinus  or  lymph  channel.  ~ 
afferent  lymphatics  terminate  in  the  lymph  ainuaes  of  the 
cortical  portion,  while  the  effercDt  commence  in  those  of  ths 
medullary  portion.  Theaegla.udaare  widely  distributed  through- 
out the  body,  and  aie  connected  together  fay  lymphatic  veasela, 
having  valvea  ia  their  interior,  which  only  admit  of  the  fluid 
they  contain  passing  in  one  direction.    (Plate  X.  fig.  S5.) 

The  gtandt  of  Peyer. — I  agree  with  Briicke  in  considering  aa 
thefirat  series  of  lymphatic  glands.  Tliey  are  scattered  over  the 
iDteatinul  mucous  membrane  from  the  atoimich  to  the  rectum,  and 
may  be  solitary  or  aggregated  together  in  patches,  the  latter  be- 
come larger  as  they  deacend  the  small  inteatine.  They  conaict 
of  a  shut  sac  composed  of  fibrous  tissue,  and  coutaiu  numerous 
molecules  and  nuclei  and  a  few  cells,  or  so-catled  lynipha^ 
elements.    (See  Table  XI.  fig.  19,  20,  and  21.) 

The  spleen. — Thia  organ  la  composed  of  a  fibrous  envelope 
which  senda  in  fibrona  bands  or  trabeculffl  uniting  with  one 
another,  ao  as  to  divide  its  substance  into  irregularly-sized 
spaces  filled  with  a  reddish  pulp.  The  pulp  consists  of  nuclei 
and  cells,  mingled  with  blood  corpuscles  isolated  or  grouped 
together — often  aurrounded  by  an  albumimious  envelope — in 
aU  stages  of  disintegriitioD.  The  trabeculie  contain  numeroiH 
nucleated  fusiform  cells.  It  in  richly  aupphed  with  lymphatics 
and  blood  vessels.  Connected  to  the  coats  of  the  smaller 
arteries  are  shut  saes,  from  the  one-thirtieth  to  the  one- 
sixtieth  of  an  inch  in  diameter,  exactly  like  the  glands  of  Peyer, 
called  the  Jfalpiffhian  bodies  of  the  spleen,  containing  lymphatio 
elemeuta.     (Plate  XI.  fig.  1.) 

The  supra-renal  capsules  consists  of  a  cortical  and  medullaiy 
substance,  the  former  contain  elongated  abut  aaca  varying  in 
size,  lying  aide  by  aide,  and  contain  the  some  lymphatic  elements 
as  the  glands  of  Peyer  and  the  Malpighion  bodies  of  the  apleen. 
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(Plate  XI.  fig.  2.)  Tlie  medullaiy  portion  is  esBenttall;  flbrous, 
with  granular  cells  emiMdded  in  ita  substance.  Dr  AildisoD 
conaidereil  Ihfit  diflenae  of  these  organs  produced  a  dark  browr 
or  sallow  tint  in  the  skin,  and  there  can  be  no  doubt  that  the 
two  do  often  coincide.  But  the  exceptions  are  so  numerous  as 
to  prevent  our  belief  in  the  necessary  connection  between  one 
and  the  other. 

Tht  TAyntiMpiani/oouBistaof  hollow  lobules  or  pouches  united 
together  by  fibrous  tissue,  and  filled  with  the  same  lymphatic 
demenlfl  as  exists  in  the  other  blood  gknds.  They  all  coramuni- 
cate  with  a  central  reservoir  from  which  there  ia  no  outlet.  It 
ia  large  in  the  human  infotit  shortly  after  birth,  hut  in  a  few 
jiears  commences  to  diminish  in  aiee,  and  after  puberty  ia  con- 
verted into  a  mass  of  fat.  Hence  it  is  only  active  ns  a  blood 
^uid  during  early  childhood,  and  Loses  ita  glandular  character 
aa  age  advances.     (Plate  XI.  figs.  4  to  S.) 

Tht  Thyroid  gland  consists  of  a  dense  fibrous  stroma,  embedded 
in  which  are  numerous  shut  sacs  filled  with  the  same  lymphatic 
elements  we  have  referred  to,  and  occasionally  lined  by  n  distinct 
membrane  with  adherent  epithelial  cells.  It  also,  like  the 
thymus,  is  comparatively  large  in  infancy,  but  in  adult  age 
d^enerates  not  so  much  like  that  gland  by  fatty  degeneration, 
as  by  the  deposition  into  the  shut  sacs  of  colloid  or  glue-Uke 
matter.    (Plate  XI.  fig.  3.) 

Tht  Pituitary  and  Pineal  gtandi,  in  their  general  structure, 
reMmble  the  glands  just  noticed,  being  composed  of  fibrous 
tisrae  encloaing  shut  sacs,  the  latter  containing  calcareous 
deposits.  Thb  renders  it  probable  that  at  an  early  period  of 
life  they  performed  similar  functions  to  the  blood  glanda 

All  tbrae  organs  resemble  one  another  in  structure,  contain- 
ing pouches  or  shut  sacs,  rich  in  a  molecular  fluid  and  multi- 
tndes  of  naked  nuclei.  They  have  no  duets,  am  very  vascular, 
and  are  connected  with  the  thoracic  duct  by  numerous  minute 
channels  or  lymphatics.  No  difierence  whatever  can  lie  distin- 
guished between  the  glandular  contents  of  these  organs  and 
thoM  of  the  lymphatic  glands  ;  and  other  facts  connected  with 
their  morbid  states — more  especially  the  production  of  leucocy- 
thKmia — serve  to  convince  us  that,  like  them,  they  are  connected 
irilh  sanguification  ;  hence  their  modem  name  of  blood  glands. 
The  whole  system  of  lymphatic  glands  may  I>e  said  to  secrete  or 
form  the  blood  corpuscles,  although  the  nature  of  the  bluod,  as  a 
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whole,  being  very  complex,  cannot  be  clearly  understood  imtS-: 
we  study  the  results  of  the  secondary  digestion. 

All  these  tymphntic  glands  produce  chiwges  in  the  chyli 
is  obtained  from  the  chyme.  PeyeHa  glauda  operate  upon  it  first. 
Tliese  are  succeeded  by  the  lymphatic  glands  in  the  mesentety, 
and  are  further  inSuenced  by  the  spleen,  twpra-reaal  capsules, 
and  other  glands.  All  of  them  are  connected  with  one  another 
by  lacteals,  which  ultimately  terminate  in  the  thoratdc  duct. 
They  serve  to  subject  the  molecular  chyle  as  it  is  firet  derived 
from  the  cliytne  to  the  action  of  these  glands.  There  the  onward 
flow  of  the  fluid  is  somewhat  dehiyed  ;  an  exchange  takes  place 
between  it  and  the  snirounding  blood,  and  nuclei  and  cells  are 
formed — more  especially, however,  nuclei^ — by  molecular  aggrega- 
tion. Henc«  why,  on  cutting  into  these  glands  shortly  after 
digestion,  ajid  examining  microscopicaJly  the  fluid  they  contain, 
it  may  be  seen  that  a  molecular  fluid  (first  described  by  Gulliver) 
is  more  or  less  crowded  with  naked  nuclei,  which  resist  the 
action  of  acetic  acid.  On  repeating  the  observation  on  fluid 
taken  from  the  thoracic  duct  the  same  thing  is  noticeable,  only 
several  of  the  nuclei  are  now  flattened,  and  in  every  point,  except 
colour,  closely  resemble  the  blood  corpuscles  (Plate  III.  figs,  1 
and  2).  It  ia  clear,  therefore,  that  cbyltflcation  and  sanguificir- 
tion  are  perfected  through  the  action  of  the  lymphatic  glandtt 
upon  the  molecular  chyle  ;  that  in  them  the  blood  corpusclM 
are  formed,  and  conveyed  by  the  thoracic  duct  into  the  circu- 
lation at  a  point  not  far  from  the  right  side  of  the  heart ;  from 
thence  they  are  rapidly  propelled  into  the  luugs,  where,  on 
being  exposed  Ka  the  oxygen  of  the  ntmoaphere,  they  assume 
colour,  and  thereby  become  tLe  coloured  corpuscles  of  the  blood* 

Leucoctthjimia. 
This  condition  of  the  blood,  consisting  of  a  marked  incre-ase  in 
its  colourless  cells  from  diseased  blood  glands,  I  discovcreil  iii 
1845,  in  a  case  of  hypertrophy  of  the  liver,  spleen,  and  lymphatic 
glands.  At  that  time  the  subject  of  inflammation  and  pysjmia 
was  engaging  the  attention  of  pathologists.  By  W.  Addison  and 
Williams,  it  was  maintained  that  an  increase  in  the  colourless 
cells  was  the  cause  of  inflanmiation.  Piorry  talkedofahjomatitis, 
or  inflammation  of  the  blood,  as  a  cause  of  pyramia,  by  which 
expressiou  others  meant  absorption  into  and  admixture  of  pus 
■with  the  blood.    All  these  views  were  at  once  overthrown  by 
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the  publication  of  my  (^aae,  wliich  demonatmted  the  admixture 
of  numeroUH  colourlesa  cells  ideuticaJ  with  tliose  of  pus  in  the 
Mood  without  inflammation  or  pjicmia.  Tlie  name  given  to 
these  corpuscles  is  of  little  impurlAQce.  Call  them  pus  cells, 
colourless  cells,  or  leucocytbs  after  Itobin  ;  speak  of  the  fluid  in 
which  they  occur  as  a  pumleut  fluid,  as  leukhiemic  fluid,  or  ui 
«  leucocytoticol  fluid  (!)  (see  Virchow'a  "Cellular  Pathology," 
p.  167),  the  cells  and  the  fluid  are  still  the  same.  But  to  shew 
that,  whatever  term  be  employed,  the  cells  and  fluid  contniniug 
theju  were  in  no  way  connected  with  inflammatioc,  was  an  im- 
portant ■t«p  in  pathology.  My  cnae  proved,  as  I  stated  at  the 
time,  "  that  pus  can  form  in  the  liquour  sanguinis  within  the 
vessels  indtpendenl  of  iji/tammaHon,"  But  as  the  words  pus  and 
suppuration  were  apt  at  that  time  to  mislead,  I  subsequently 
proposed  the  expression  leacocytluemia  {yiunU,  white  ;  -ir't, 
»  cavity  or  cell ;  'V^T^ood),  or  white  cell  blood,  because  it  "ez- 
pressea  the  simple  fact,  or  a  pathological  state,  and  involves  no 

Sis  weeks  aft«r  the  publication  of  my  case,  Virchow  pub- 
IJabed  a  similar  one,*  with  the  following  introduction  ; — "In 
the  older  authors  observations  occur  here  and  there  couoeming 
blood  which  had  so  completely  I  oat  itscolourthat  it  was  likened 
to  milk,  chyle,  mucus,  or  pus.  The  communication  of  the  fol' 
lowing  case  will  confirm  this  apparently  fabulous  statement." 
The  fact  that  struck  him  most  was  the  colourless  condition  of 
the  blood.  He  therefore  called  it"  leukhiemia,"  or  white  blood; 
and  although  epistaxis  occurred  before  death,  and  the  blood  was 
seen  to  poaaess  i(a  natural  colour,  he  is  led  by  this  to  the  con- 
cIuaioD, "  that  the  remarkable  trausfomiation  of  the  red  blood 
into  white  can  only  have  occurred  to  that  degree  in  the  late$t 
itagei,/or  the  blood  of  the  tjiUlaiia  mu  alvszyi  red!"  The  truth 
is,  however,  tliat  in  this  disease,  the  blood  during  life  is  never 
white.  The  coagula  after  death  are  white  or  colourless  ;  but 
so  they  are  in  a  variety  of  afi'ections  where  coagulation  takes 
place  alowly. 

Thus,  while  1  endeavoured  to  prove  that  a  new  morbid  condi- 
tion waa  independent  of  inflammation,  Virchow  sought  to 
establish  the  doctrine  of  a  "  white  blood,"  originally  put  forth 
by  Hippocrates,  who  supposed  that  this,  with  the  other  yellow, 
red,  and  black  bloods,  produced  the  four  t«mpemments.    The 
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real  whit*  blood — tliat  ia,  milky  or  cIijIouh  blood — had  been 
long  known,  and  ia  not  only  differect  in  itaelf,  but  ia  owing  lo 
different  causea.  Thix  was  clearly  shewn  in  a  diBcusaion  of  the 
Academy  of  Medicine  in  Paris,  January  S9th  1656,  where  tho 
term  "  white  blood  "  gave  rifit!  to  the  greatest  confuBion,  th* 
moat  distinguiahed  chcmiat^  maintaining  they  had  been  fiuuiliar 
with  it  (that  is  fatty  btood)  long  before  my  observations  OH 
leucocythiemia,  or  white  cell  blood,  were  knowu. 

lu  1845, 1  pointed  out  that  the  colourleaa  cells  found  i: 
blood  were  identical  with  those  of  pas.  Tliis,  though  deuied 
at  the  time  by  others,  ia  now  universally  admitted,  riistino 
tioQS,  it  ia  true,  have  sought  to  be  established  between  their 
eziateuce  outside  and  inside  the  vessels  (Yirchov),  but  thew 
have  completely  failed,  while  Cohuheim  and  others  hare  i*eceiitly 
endeavoured  to  shew  that  the  pus  corpuscles  originate  inade  the 
vessels,  traverse  their  walls,  and  accumulate  ouUide  to  constitute 
suppuration,  I  still  believe,  however,  as  I  did  in  1845,  that  it 
ia  oidy  when  these  bodies  accumulate  in  the  blood  vesselii,  inde- 
pendently of  inflammation,  tliat  the  lesion  is  of  a  novel  charao- 
ter.  That  is  the  real  question  to  be  considered  as  throwing 
importance  on  sanguification,  and  the  function  o(  the  blood 
glands. 

Tho  importance  of  this  discovery,  indeed,  is  now  manifest,  not 
only  as  demonstrating  that  admixture  of  colourless  or  pus  cella 
with  the  blood  in  great  cumbers  was  not  the  cause  of  infiamma- 
tioa  nor  of  the  so-caJled  condition  of  pysemia,  but  in  confirming 
the  views  of  Hewaon  as  to  the  origin  of  blood  corpuscles  in  the 
lymphatic  glands,  which  up  to  that  time  had  not  been  received 
in  physiology.  In  a  paper  read  to  the  Royal  Society  of  Edin- 
burgh in  1852,  and  in  a  separate  work  on  LeucocythiBmia,  I 
directed  alteutiou  to  this  matter.*  The  disease  ia  always  con- 
nected with  hypertrophy  in  one  or  more  of  the  blood  glands. 
In  health,  as  we  have  seen,  these  form  the  blood  corpuscles. 
When  hypertrophied,  many  of  the  nuclei,  which,  as  such,  con- 
stitute the  coloured  corpuscles,  are  in  these  glands  formed  into 
cells,  and,  entering  the  blood,  thereby  increase  the  amount  of 
the  colourleaa  cells  in  that  fluid,  and  diminiah  the  number  of 
coloured  nuclei.  It  is  to  be  regretted  that,  though  acquainted 
with  these  facta,  and  my  writiugs  on  the  subject,  Professor 
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Virehow,  when  revising  his  work  on  '■  CeUular  Pathology  "  for 
the  English  presa,  ah<iiild  have  publisbed  as  follows  ;^"  A  gootl 
niauyywtrs  elapaed  (after  1845),  during  which  I  fouud  niyaelf 
pretty  nenrly  alone  in  mj/  viewi.  tt  has  only  been  by  degrees, 
amd  indeed,  as  I  am  tiorry  Xo  be  obliged  to  confess,  iu  conse- 
quence rather  of  ptiysiolngical  thiin  pathological  coniri derations, 
that  people  have  come  round  to  those  ideas  iifmine,  and  only 
gradually  have  their  minds  proved  accessible  to  the  notion  that, 
iu  the  ordinary  course  of  things,  the  li/mphatU  glanda  and  the 
ipUenare  rtally  iinmediattli/  concerntd  in  tht  production,  of  the 
formed  dfmentt  of  the  blood."  ("  Cellular  Pathology,"  by  Chance, 
1860,  p.  172,) 

The  fifth  chapter  of  IlewBon'a  work,  containing  an  account  of 
the  manner  iu  which  the  red  particles  of  the  blood  are  formed 
(p.  274,  Sydenham's  Society's  edition),  may  be  referred  to  for 
a  complete  refutation  of  this  claim  of  Professur  Virchow.  Hew- 
BOU  aays,  concerning  the  production  of  the  funned  elements  of 
the  blood  (section  108,  op.  eit.,  p.  285) ;  "  But  if  we  allow  the 
apteen  to  make  the  red  part  of  the  blood,  we  can  readily  account 
for  the  reason  why  the  spleen  may  be  cut  out  of  an  animal  and 
yet  the  animal  survive  and  suffer  but  little  ineonvenieuce  ;  for 
though  the  office  of  the  tpleen  u  ta  form  the  red  partklea  oflht 
blood,  yet  it  ie  nut  the  only  organ  in  the  body  capable  of  doing 
that  office,  for  me  hai>e  already  proved  (sections  8B  and  68) 
that  the  lymphatic  vessels  do  also  form  the  TMicular  jiurtion  ; 
the  spleen,  therefore,  is  not  the  only  organ  cajuible  of  doing 
it,"  4c. 

It  foUows^lst,  That  Professor  Tirchow  cannot  cinim  the 
discovery  of  leucocythajniia  aa  a  matter  of  fact  aud  observa- 
titm,  because  the  timt  case  of  it  was  carefully  described  and 
publishttd  by  myself,  six  weeks  bafore  he  wrote  on  the  subject, 
and  was  separated  from  all  knowa  lesions  as  suppuration  of  the 
blood  independently  of  inflammation,  an  idea  previously  un- 
known. Sd.  That  he  cannot  claim  it  in  consequence  of  colling 
it  "  white  blood,"  as  this  was  spoken  of  by  the  ancionta,  aud  U 
everywhere  known  as  the  milky  or  chylous  blood  of  authors. 
3d.  That  he  cannot  claim  it  on  the  ground  that  the  colourless 
cells  of  the  blood  are  different  from  those  of  pus,  as  it  is  admitteil 
by  himself  that  they  are  identicaL  4th.  That  he  cannot  claim 
it  am  the  ground  that  he  firat  pointed  out  the  blood  corpuscles, 
coloured  or  colourless,  to  be  derived  from  tiie  spleen  and  blood 


CIRCULATION  OF  THE  BLOOD. 


gknds,  aa  this  v 
a  century  ago. 


3  iinqueBtiooably  made  out  by  Hewson  nearly 


ClBCULATIOS  or  THE  BlOOD. 

Having  Been  how  the  nutritive  elements  of  the  food 
verted  into  blood,  we  have  iieKt  to  describe  the  method  by  which 
that  fluid  ia  distributed  or  circulated  througLout  the  organimn, 
Tliie  circulation  is  carried  oa  through  the  heart,  tbe  arteries,  the 
capillaries,  or  intermediary  veflsela  and  veins,  back  tfl  the  heart 
again.  In  the  higher  animals  there  may  be  said  to  be  two 
ciilations,  one  connected  with  the  body  generally — the  tytttnae 
or  greater  circulation  ;  the  other  'rith  the  lungs — the  pu^mo- 
nary  or  lesser  circulation.  Let  us  suppoue  that  it  commences 
with  the  left  ventricle  of  the  heart,  (See  Plate  IX.  fig.  1.) 
The  blood  passes  from  thence  by  the  aorta  through  the  systemie 
arteries  into  the  capillaries,  and  back  by  the  veins  to  the  right 
auricle  of  the  heart.  From  thence  it  goes  into  the  right  ven- 
tricle of  the  same  organ,  through  the  pulmonary  artery  to  the 
capillaries  of  the  lusg,  in  which  it  ia  exposed  to  the  atmosphere, 
and  then  back  through  the  pulmouai'y  veins  to  the  left  auricle 
and  left  ventricle,  where  we  saw  that  it  commenced.  In  thia 
constant  round  it  is  subject — lat.  To  various  forces  which  serve 
to  propel  it ;  aod  2d.  To  diSerent  changes,  the  result  of  the , 
respiratory  and  nutritive  processes. 

Force*  producing  the  circulation, — The  most  important  force 
which  propels  the  blood  is  induced  by  the  contractions  of  ths 
muscular  walls  of  the  heart, — an  organ  so  constructed  that,  hj 
the  union  of  coutractile  cavities  and  valves,  the  fluid  is  con- 
stantly sent  through  it  only  in  certain  directions.  Tbe  action 
of  this  apparatus  is  accompamed  by  certain  noises,  caused  by 
the  combined  contraction  of  the  muscular  walla,  the  rushing  of 
thefluidaod  the  flapping  together  of  the  valves, — an  exact  appre- 
ciation of  which  is  the  method  by  which  the  modem  physician 
is  enabled,  with  wonderful  accuracy,  to  determine  the  diseases 
or  derangements  of  the  organ. 

The  heart  nounda.  —  On  placing  our  ear  over  the  cardiac 
region  in  a  healthy  person,  we  feel  a  beating,  and  hear  two 
sounds,  which  have  been  likened  to  the  tic-tac  of  a  watch,  but 
to  which  they  bear  no  resemblance.  They  may  be  imitated, 
however,  very  nearly,  as  pointed  out  by  Dr  Williains,  by  pro- 
1  the  syllftblea  liipp,  dupp.    The  first  ai- 
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these  souridH,  which  is  dull,  deep,  ajii]  more  prolongeil  than  the 
second,  coincides  with  the  shock  of  the  apex  of  the  heart  against 
the  thorax,  and  inunediatelj  precedes  the  radial  pulxe  ;  it  has 
its  maxinium  intensity  over  the  apex  of  the  heart — below  and 
somewhat  to  the  inside  of  the  nipple.  The  second  sound,  which 
ia  shsiper,  ahorter,  aiid  more  Buperfitial,  liaa  ita  maximum  in- 
tensitjr  nearly  on  a  level  with  the  third  rib,  and  a  little  above 
&ad  to  the  right  of  the  nipple — near  the  left  edge  of  the  eter- 
anm.  Theae  sounds,  therefore,  ia  addition  to  the  terms  firtt 
and  ucond,  have  also  been  called  inftrior  and  tuptrior,  long  and 
thort,  duU  and  tharp,  tguUie  and  diattdie—ail  which  expressions, 
so  far  aa  giving  a  name  is  concerned,  are  synooymous.  The 
two  aounda  are  repeated  in  couples,  which,  if  we  commence 
with  the  fint  one,  follow  each  other,  with  their  intervening 
pauses,  thus — 1st  There  is  a  long,  dull  sound  coinciding  with 
the  shock  of  the  heart ;  !d.  There  ia  a  short  pause ;  3d.  The 
short,  sharp  sound  ;  and  4th,  A  longer  pause, — all  which  cor- 
respond with  one  jmlsation.  In  figures,  the  duration  of  these 
Bonnda  and  pauses  by  some  have  been  represented  thus — the  first 
Bound  occupies  a  third,  the  short  pause  a  sixth,  the  second  sound 
a  sixth,  and  the  long  pause  a  third.  Others  have  divided  the 
whole  period  into  four  [larts ;  of  which  the  two  first  are  occu- 
pied by  the  first  sound,  the  third  by  the  second  sound,  and  the 
fourth  by  the  pause.  The  duration  aa  well  as  the  loudnew  of 
the  Bounda,  however,  are  very  variable  even  in  health,  and  are 
influenced  by  the  force  and  rapidity  of  the  heart's  action,  indi- 
vidual peculiarity,  and  form  of  the  thorax.  Their  extent  also 
differs  greatly.  They  are  generally  distinctly  heard  at  the 
precordial  region,  and  diminish  in  proportion  as  we  withdraw 
the  ear  from  it.  They  are  less  audible  anteriorly  on  the  right 
side,  and  atill  less  so  posteriorly  on  the  left  side.  On  the  right 
aide  posteriorly  they  cannot  be  heard.  Their  tone  also  varies 
in  different  persons  ;  but  in  health  they  are  free  from  a  harsh 
or  blowing  cbaract«r. 

Great  diversity  of  opinion  has  existed  regarding  the  caosee  of 
the«e  sounds,  but  we  may  consider  that  there  coincides  with 
the  first  sound — Ist  The  impulse,  or  striking  of  the  apex 
against  the  thoracic  walls  ;  2d,  Contraction  of  the  ventricles  ; 
3d.  Rushing  of  the  blood  through  the  aortic  orifices  ;  and  4tli. 
Flapping  together  of  the  auriculo- ventricular  valves.  There 
coincide  with  the  second  sound — 1st.  Ruslung  of  the  blood 
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through  the  auriculo- ventricular  valves ;  and  2d.  Flapping' 
together  of  the  aortic  valves.  Contraction  of  the  auriclefl 
mediately  precedes  that  of  the  ventriclea.  The  result  of  nuiae- 
rou3  pathological  obswvatioos  and  of  many  experimenls  is, 
that  in  health  the  first  souud  is  produced  by  the  combined 
action  of  the  auiiculo-veDtriuukr  valves,  of  the  veutricles,  and 
of  the  niHhing  of  the  blood,  which  sound  ia  augmented  in  in- 
t«nBity  b;  the  impulsion  of  the  heart's  apex  against  the  thorax; 
whereas  the  second  souud  is  caused  only  by  the  flapping  together 
of  the  sigmoid  valves. 

OrdtT  of  succettion  in  the  action  of  the  heart. — During  the  long 
pause  the  whole  heart  is  in  a  passive  state.  The  auricles,  how- 
ever, are  gradually  filling  with  blood,  a  portion  of  which  escapes 
into  the  ventricles  ;  but  at  the  end  of  the  pause  they  contract 
suddenly,  aud  nearly  the  whole  of  their  contents  is  propelled 
into  the  ventricles.  This  amount  of  blood,  added  to  that  whidh 
had  previously  escaped  from  the  auricle,  distends  the  veutricleH 
and  closes  the  auriculo- ventricular  valves.  The  ventricle  now 
contracts,  hut  more  slowly  than  the  auricles,  so  that  the  apex 
becomes  shorter  and  rounder.  The  fleshy  columns  contract  at 
the  same  moment,  causing  the  closed  mitral  and  tricuspid  valves 
to  become  tense,  and  the  blood  rushes  through  the  art«rial  ori- 
flccs,  pressing  back  the  sigmoid  valves.  During  the  short  pause, 
the  resistance  offered  by  the  elastic  large  arteries  is  such,  that 
a  recoil  of  a  portion  of  the  blood  is  produced,  which  flows  back- 
wards, distending  the  semi-lunar  valves,  and  causing  the  second 
sound.  The  distension  and  closure  of  these  valves  are  mora 
perfect  the  greater  the  jiressure  exerted  from  above,  in  conse- 
quence not  only  of  their  edges,  but  of  their  pouch-like  sides 
coming  into  contact. 

Impidie  of  the  heart. — The  tilting  forward  of  the  cardiac  apex 
is  cause<l  by  the  peculiar  spiral  arrangement  of  its  contractile 
fibres,  as  clearly  ^ewu  by  John  Reid.  These  fibres,  occoriliog 
to  Fettigrew,  are  arranged  in  seven  layers  or  strata,  and  their 
course  may  be  readily  demonstrated  by  fonning  a  cone  out  of 
a  sheet  marked  with  lines,  as  rejiresented  Plate  XI.  fig.  9. 

The  inner  surface  of  the  heart  is  considerably  more  irritable 
than  the  outer,  and  the  right  auricle  retains  the  power  of  cod- 
tractility  longer  than  any  othe'r  part  of  the  body,  and  has  con* 
sequently  been  called  vltiiavm  taorieru.  The  blood 
natural  stimulus  to  this  contractility,  and  hence  why,  the  moK. 
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blood  ia  forced  into  it  as  tlie  result  of  exerai^te  aiid  increased 
reapiratioD,  the  more  rapid  its  actioaa  become.  The  heajt,  how- 
ever, will  continue  to  contract  regularly  when  cut  out  of  the 
body  of  an  animal  recently  killed,  and  when  deprived  of  blood ; 
but  then  the  stimulus  is  supplied  by  the  air,  or  by  the  table  oa 
wliicb  it  lies.  Under  any  circumstances,  the  rhythmical  action 
of  its  various  parts  is  owing  to  tbe  distribution  of  ganglionic 
oerves  in  its  substiiice,  constitutiug  one  of  the  ezclto-motory 
actions  which  will  be  subxequently  deecrit)ed.  The  heart  is 
olao  readily  excited  by  various  emotioos  of  the  mind,  thou^ 
not  by  volition  ;  hence  in  ancient  times  it  was  considered  the 
peculiar  seat  of  the  affections  and  passions,— an  opinion  which 
may  be  still  traced  in  numerous  expressions  common  to  the 
phraseology  of  all  languages  even  in  the  present  day. 

The  force  with  which  the  left  ventricle  of  the  heart  contracts 
ia  about  double  that  exerted  by  the  contraction  of  the  right, 
which  results  from  the  greater  thickness  of  its  walls,  and  the 
greater  resistance  it  has  to  overcome.  It  has  been  calculated 
that  the  static  force  with  which  the  blood  is  impelled  iu  the 
hninan  aorta  from  tlie  ventricle  is  equal  to  that  of  4  lb.  4  os.  on 
the  square  inch,  and  in  that  of  a  mare  is  ei]ual  to  II  lb.  0  oe. 
The  frequency  of  the  heart's  action  is  modified  by  a  variety 
of  circumstances,  which  we  shall  allude  to  immediately  when 
speaking  of  the  pulse. 

Arterial  Circulation. — Tlie  arteries  are  tubes  composed  of  elas- 
tic and  contractile  6brous  tissues  (p.  84),  the  former  being  most 
abundant  in  the  largest  vessels,  where  the  pressure  is  greatest, 
while  the  latUtr  exist  almost  alone,  where  tlie  impulse  of  the 
heart  is  scarcely  felt  Their  functions  are, — 1st,  Tlie  convey- 
ance and  distribution  of  blood  to  several  ports  of  the  body  ; 
2d,  Tbe  gradual  conversion  of  the  pulsatile  or  wave-tike  move- 
ments into  a  uniform  flow  ;  3d,  By  means  of  their  elasticity  to 
diminish  the  resistance  which  the  ventricle  has  to  overcome. 
The  diminution  of  the  impulse  as  the  arteries  recede  from  the 
heart,  and  its  ultimate  extinction  in  the  capillaries  is  attribut- 
able, 1st,  to  the  gradually  iucreasing  superficies  of  the  vaaculor 
surface  ;  2d,  to  diminishing  elasticity  ;  and,  3d,  to  increasing 
contractility  as  the  vessels  become  smaller. 

The  most  careful  investigations  made  in  modem  times  by 
Pois^eiule,  Valentin,  and  Ludwig,  as  to  the  static  force  of  the 
heart  and  arterice,  shew  that  it  is  equal  to  about  4  lb.  on  the 
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square  of  inch.  Assuming  the  internal  superficies  of  tbe  left 
ventricle  to  be  about  thirteen  inches,  this  would  give  52  Ih. 
the  force  it  exert*.  Now,  Hales,  more  tbiui  a.  hundred  yeara 
ago,  cdculated  it  to  be  BlJ  lb,,  which  must  not  only  satisfy 
ol  hia  accuracy  as  an  observer,  but  convince  na  that  no  change 
has  occurreil  in  the  force  of  the  pulse,  either  in  man  or  oninialB, 
during  that  time.  The  importance  of  this  fact  I  shall  allude  to 
subsequently.  The  enperimeiitB  o(  Marey  indicate  that  there 
arc  two  forces  propelling  the  fluid — one,  direct,  dependent  on 
the  heart  or  pump  ;  the  other,  secondary,  caused  by  the  recoil 
of  the  distended  blood  tube.  The  intensity  uf  the  latter  force, 
however,  gradually  diminishes  as  the  wave  of  fluid  recedes  from 
the  source  of  afflux,  while  the  time  of  the  pulae  remains  the  same. 
TKe  ptdie. — The  blood  nowhere  passes  through  an  artery  aci 
rapidly  as  it  is  forced  into  it  by  the  left  ventricle  of  the  heart, 
on  account  of  the  resistance  offered  by  all  the  tubes  against 
which  it  is  forced.  The  coD»equeiice  is,  that  when  it 
the  wave  ot  blood,  both  the  diameter  and  length  of  the  vesael 
/tn4^  ta  JDcreased,  and  this  is  followed  by  a  recoil  Mid  recovery  of  its 
previous  position,  owing  to  t!ie  elasticity  of  the  tube.  These 
operations  constitute  the  pulse,  which  is  felt  when  the  finger 
slightly  compresses  an  artery.  The  pulse  differs  after  violent 
exercise,  according  to  the  time  of  the  day  and  position  of  the 
body.  Exercise  raises  the  pulse.  It  is  quicker  in  the  morning 
than  in  the  evening  ;  and  hence,  it  has  been  supposed,  why  r 
glass  of  wine  is  more  stimulating  early  in  the  day  than  at  night. 
In  health,  the  pulae  reaches  its  maximum  about  noon,  and  it*i 
minimum  towards  midnight.  It  is  more  frequent  in  tbe  erect' 
than  in  the  sitting  position,  and  quicker  then  than  in  tbe  re- 
cumbent posture.  The  difference  between  stjinding  and  sitting 
is  about  11)  pulsations  ;  between  sitting  and  lying,  S  ;  and  be- 
tween standing  and  lying,  15  pulsations ;  much,  however, 
depends  on  the  muscular  effort  employed.  The  natural  pulse  in 
the  adult  mole  may  be  stated  as  varying  between  60  and  70 
pulsations  in  the  minute  ;  that  of  the  female  being,  on  an  aver- 
age, about  10  beats  more.  In  a  newly-liom  infant,  it  is  from 
130  to  140  1  in  old  age,  from  50  to  GO.  In  diseases,  the  devia- 
tion from  the  healthy  standard  ae  to  frequency  is  very  remark- 
able. It  has  been  known  in  profound  coma  to  be  only  17,  and 
in  cases  of  water  in  the  brain  in  children  it  has  been  counted 
SOO  in  the  minnte.    The  volume  or  force  of  the  pulse  may 
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Tdiy  J  hence  Ibe  terms  »i 
lofl,   rigid,  Umt,  viiry. 


r  cnU',  fidl  or  tmall,  hard  o 


&c. 


I,  it  may  be  rtgtUar,  irregidar,  i 


Mftny  efforU  have  lieen  mai]o  ii 


I  U)  render  o 


knowledge  (i 

iDstrumentH,  The  Sph^gmo»copr  of  Scut  AUaon,  tlie  Kymo- 
graphum  of  Ludwig,  the  Sphygmotphont  of  Upham,  and  the 
SphjfgTnograpka  of  Vierordt,  Cacrnuik,  and  Marey,  have  been 
employed  for  this  purpose.  The  Sphygmoepbone  of  Dr  Upham 
of  Boston,  U.  S,,  enables  the  ear  to  determine  the  frequency  anil 
rhythm  of  tlie  pul«e  in  individuals  many  mtieH  off  through  tho 
ordinary  electric  wire.  The  Spbjgmograph  of  Marey,  with  the 
modificatious  it  hoa  undergone,  marks  off  waven  on  paper  or 
gloM,  which  correspoad  to  the  pulsations  of  an  artery.  The 
wave  BO  marked  may  be  dividuJ  into  four  parts :  1.  The 
npward  Htroke,  a,  is  synchronous  with  the  ventricular  contrac- 
tion, and  sliewa  the  amount  of  impulse  dependent  on  the 
iystole ;  2.  The  ajwi  of  the  wave  and  upper  portion  of  the 
detcendtug  stroke,  fc,  indicates  the  lension  of  the  vessel  during 
the  short  pause  of  the  heart ;  3.  The  second  elevation  in  the 
(lescending  stroke,  e,  is  caused  by  tho  flapping  together  of 
the  aortic  vivlvca,  and  shews  the  durnliou,  amount,  nod  rhythm 
of  th«  second  sound  ;  4.  The  remaiuiler  of  the  descending 
line,  d,  is  synchronous  with  the  loDg  paiiKo. 
Mid  ia  influenced  by  the  rapidity  with  wbioh 
tfa*  btood  escapes  through  the  capillariea  Tho 
entire  tracing  enables  ua  to  determine,  1st,  tbu 
mode  and  dur.ition  of  the  contraction  of  the  lie.-(.rl.  ^d,  tbi^ 
BOuudniaH  of  Lliv  arteries,  and  3d,  the  relative  quantity  of  blood 
contained  in  the  arteries  and  veins,  that  is  the  balance  of  pres- 
Bure  between  the  venous  and  arterial  aystemB.  (See  Practical 
Phyriology.) 

CapiUaty  eireiitatiu>i. — The  capillaries,  as  wm  previously  re- 
marited  (p,  B5),  consist  of  delicate  tnembnuious  contractile  tubes, 
and  their  functions  seem  to  be,— 1st,  To  subdivide  the  blood,  wi 
that  it  may  be  brought  within  the  attractive  iuflueuce  of  the 
tissues ;  and  3d,  To  act  as  fine  filters,  permitting  an  exchange  of 
matter  to  be  constantly  canied  on  between  the  blood  and  the 
t«xtarrs.  lu  the  tronsimrent  weba  of  certain  animals,  the  blood 
may  be  seen  pnasing  through  these  tubes  in  a  state  of  health  witU 
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a.  uniform  flow.  There  la  no  evidence  that  they  exercise  any' 
influence  in  propelling  the  blood  by  contracting  their  walls,  but' 
there  is  every  reason  to  sappose  that  the  constant  attraction 
eierted  by  the  tissues  in  drawing  nutritive  matter  from  the 
blood  must  exercise  a  considerable  power  in  drawing  the  bli>od 
onwards.  We  observe  this  in  plants  and  aninmla  which  have 
no  hearts  or  contractile  veaaela  to  propel  the  nutritive  fluid, 
and  we  see  it  strongly  manifested  where,  in  consequence  of 
excessive  local  growth,  the  blood  increases  in  a  part,  as  in  the 
scalp  during  the  annual  growth  of  the  stag's  horns,  in  the  breast 
during  lactation,  in  the  guma  during  dentition,  in  menati'uation, 
and  so  on.  In  all  sueh  casi»  the  vessels  of  tiie  part  are  enlarged 
and  turgid  with  blood,  a  phenomenon  formerly  ascribed  vaguely 
to  a  "  deterrainatiou  of  blood  to  the  part,"  but  now  known  to 
result  from  the  increased  attractive  force  exercised  by  the  tissue* 
on  the  blood  in  places  which  are  the  seat  of  excessive  local 
growth.  The  same  theory  serves  to  explain  the  phenomenon 
of  the  morbid  process  known  as  inflammation. 

There  can  be  no  doubt  tltat  the  arrangenient  and  forma  of 
plexus  in  the  capillaries  have  much  to  do  with  the  functions  of 
the  organs  they  supply.    Where  the  plexus  is  dense,  the  circula- 
tion is  more  active,  and  rapid  ch.iuges  are  favoured,  as  in  tho 
lung  or  liver.    Wliere,  on  the  other  hand,  the  plexus  is  large, 
as  in  the  bones,  a  tendency  to  mineral  deposition  is  manifested. 
Where  the  vessels  are  formed  into  tnfts,  as  in  the  kidney,  on 
obstmetiun  to  the  circulation  is  produced  which  favoms  tha 
separation  of  water,  &c    The  character  of  these  plexuses  it 
once  demonstrated  by  succesaful  injections,  and  the  tiHsuee 
which  they  belong  may  be  at  once  detected  by  microacop 
investigation.    (See  various  plexuses,  Plate  XI.  figs.  10  to  16, 
Plate  Xn.  figs.  3  ajid  4,  Plate  XIII.  fig.  6.) 

Venovt  circulation. — The  veins  arise  from  the  capillaries,  and 
are  similar  in  structure  to  the  arteries,  with  the  exception  that 
the  elastic  tissue  is  not  so  thick.  It  has  been  supposed  that  the 
forces  propelling  the  blood  through  the  arteries  and  capillaries 
are  sufBcient  to  cause  its  return  to  the  heart  through  the  veins, 
but  this  is  assisted  by  internal  valves  and  by  the  respiratory 
movements  of  the  chest.  The  former  are  numerous,  and  so 
arranged  that  the  blood  can  never  return  towards  the  capil- 
laries.     Every  motion  of  the  body  and  contraction  of  the 
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muscles  through  which  veios  paes  must — b;  coniprEsaiiig  Ihem, 
Uid  thereby  squeezing  the  blood  tnwnTdH  the  heart — ^mat  its 
transit.  Eipiration  favoiire  the  flnw  of  blooJ  in  tlie  arteries, 
snil  inspiration  favourt  it  in  the  veius,  but  to  no  great  extent. 
It  Hoes  not  operate  in  vessels  distant  from  the  thorax. 

We  may  consider,  therefore,  that  the  muscular  force  of  tlie 
heart,  assisted  by  the  elasticity  uf  the  arteries  propels  tlie  bloo<l 
into  the  capillaries.  Then  a  new  force  is  superadded  dependent 
on  the  nutritive  exchangHS  constantly  going  "n  between  the 
tissues  and  the  blood,  which  conducts  it  onwards  to  the  veins. 
Id  them  the  returning  force  is  assisCuil  b;  the  mechanical  action 
of  valves  and  muscular  pressure,  anil  near  the  heart  (though  in 
A  feeble  degree),  by  the  niovemeut&  of  respiration. 

Rapidity  of  tAe  blood. — It  is  very  difficult  to  iletermine  tho 
rapidity  of  the  blood  in  different  parts  of  the  circulation.  This 
has  beau  attempted,  however,  by  means  of  two  instruroenU,  vit, 
ths  ffamalae&onuter  of  Vierurdt  and  the  Iltrtnadrqfneter  of 
Vi)lknuui.  {See  Practical  Physiology.)  According  to  Vierordt, 
it  flows  at  the  rat«  of  10^  inches  lu  a  second  iu  the  carotid 
ftrtery,  and  3j  inches  in  tlie  metatarsal  artery  of  a  man.  Ac< 
cording  to  Volkman,  it  runs  from  12  to  1 7  inches  per  second  in 
the  carotjd  artery  of  a  horse,  and  IS  iochea  per  second  in  the 
carotid  of  a  dog.  Chauveau,  with  a  somewhat  improved  instru- 
ment, esUniated  the  rapidity  of  the  blooti  in  the  carotid  of  the 
horse  at  20'S6  inches  per  second  during  the  systole  of  the  heart, 
but  wlyat  878  inches  during  the  diastole.  Lortet  pointed  out 
that  the  rapidity  is  greatest  during  expiration  and  least  during 
iaspinttion,  but  the  nioro  recent  researches  of  Einbrodt  and 
Bardoo  Sanderson  shew  the  reverse,  vii,,  that  during  inspira* 
tion  there  is  increased  pressure  on  the  vessels,  augmented  action 
of  the  heart,  and  more  rapid  flow  of  blood,  while  during  ezpira- 
tion  pressure  on  tlie  vesseU  is  diminished  and  the  pulse  falls. 
Avcoriling  to  Hides,  Valentin,  and  Weber,  the  Mood  runs  at 
the  rate  of  about  an  inch  per  minute  in  the  capillaries  of  the 
frog.  In  wann-blooded  animals,  however,  it  is  more  rapid, 
Wng,  according  to  Volkman,  I'S  inches  per  minute.  In  tlie 
veins  the  fiow  of  the  blood  muHt  he  diminished,  hut  to  what  ex- 
tent has  not  beeu  estimated.  From  watching  the  period  occu- 
pied by  poisons  in  passing  from  one  [nrt  of  the  l:>ody  l«  another, 

'  L  the  experiments  of  BLd>e,  it  would  appciu*  that  a  portiou 
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of  blood  ciui  traverse  the  entire  cimilati 
a  minute. 

The  circulation  presenti  peculiarities  withiu  the  Cranium, 
in  the  portal  and  pulmonary  circulations,  and  in  the  foetus. 

Peeidiarily  of  the  circidation  within  the  Cranium. — That 
circulation  within  the  cranium  ie  different  from  that 
parts  of  the  body  was  first  pointed  out  by  the  second  Monro. 
It  wa!i  tested  experimentally  by  Dr  Kellie  of  I«ith,  ably  illus- 
trated by  Dr  Abercrombie,  and  successfully  defended  by  Dr 
John  Reid.     The  views  adopted  by  these  distinguished  men 
were,  that  the  cniiiiura  forms  a  spherical  bony  case  capable  of 
resisting  the  atmospheric  pressure,  the  only  openings  into  it 
being  the  different  foramina  by  which  the  vessels,  nerves,  and 
spinal  cord  pass.     The  encephalon,  its  membranes  and  blood' 
vessels,  with  perhaps  a  small  portion  of  the  cerebro-spinal  Huiil, 
completely  fill  up  the  interior  of  the  cranium,  eo  that  no  sub- 
stance can  be  dislodged  from  it  without  some  equivalent  in  bulk 
taking  its  place.     Dr  Monro  used  to  point  out  that  a  jar  or 
other  vessel  similar  to  the  cranium,  with  unyielding  wulls,  if 
filled  with  any  substance,  caunol  be  emptied  without 
Home  substance  taking  it«  place.    To  use  the  illmrtration  of  Dr 
Watson,  the  contents  of  the  cranium  are  like  beer  iu  a  barrel, 
which  will  not  flow  out  of  one  opening  unless  provision 
made  at  the  same  time  tliat  air  iniahes  in.     The  same  kind 
reasoning  applieti  to  the  s|iinnl  canal,  which,  with  the  interior 
the  cranium,  may  be  said  to  constitute  one  largo  cavity, 
preasible  by  the  atmospheric  air. 

Before  proceeding  further,  we  must  draw  a  distinction  be- 
tween pressure  on,  and  compression  of,  an  organ.  Many  bodies 
are  capable  of  sustaining  a  great  amount  of  pressure  without 
undergoing  any  sensible  decrease  in  bulk.  By  compresaiou 
must  be  understood  that  s  substance  occupies  less  space  from 
the  application  of  external  force,  as  when  we  squeeze  a  sponge, , 
or  compress  a  bladder  filled  with  air.  Fluids  generally  are  nofrj 
absolutely  incompressible  ;  yet  it  requires  the  weight  of  ans  ' 
atmosphere,  or  15  lb.  on  the  sijuare  iuch,  to  proiluce  a  diminu- 
tion equal  to  —  !,y„th  part  of  the  whole.  Now,  this  is  so  exceed- 
ingly small  a.  change  upon  a  mass  equal  in  bulk  to  the  brain  as 
not  to  be  appreciable  to  our  senses.  Besides,  the  pressure  i 
internal  surface  of  tlie  blood-vessels  never  exceeds  10  or 
uu  the  square  inch  during  tlie  most  violent  exertion  ;  bo 
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nnder  no  possible  circumatancescait  Ihe  coDtents  of  Ihe 
be  JiminiBhed  even  tliu  jxVFjth  piirt.  When  the  brain  ib  taken 
out  cif  the  cranium,  it  raay,  like  a,  sponge,  be  compressed  by 
Kiueeziiig  fluid  out  oE  the  blooJ-veBaels  ;  but  during  life.  Bur- 
rounded  as  it  is  by  unyielding  walla,  this  is  impossible.  For 
let  OB,  with  Abercrombie,  sa;  that  the  whole  quantity  of  blood 
circulating  within  the  cniuium  is  equal  to  ten, — that  is,  five  in 
the  veins,  and  five  in  the  arteries  ;  if  one  of  these  be  increased 
to  Bii,  the  other  must  bt>  dtmioisbcti  to  fnur,  bo  that  the  same 
amouut,  tea,  shall  always  be  preserved.  It  followa,  that  when 
fluids  are  effused,  blood  eitravuaated,  or  tumours  grow  within 

ui,  a  carresp<iDding  amount  of  fluid  must  be  pressed 
ont,  or  of  brain  absorbed,  from  the  physical  impoasibility  of  the 
cranium  holding  more  matter.  At  the  same  time,  it  must  be 
evident  that  an  increased  or  diminished  amount  of  pressure 
may  be  exertecl  on  tlie  brain  proportioned  to  the  power  of  the 
heart's  contraction,  the  eflect  of  which  will  be,  not  to  alter 

it  of  fluids  within  the  cranium,  but  to  cause,  using 
the  words  of  Aljercrombie,  "a  change  of  eircuiation "  there, 
and  consequently  more  or  less  general  or  local  disturbance  of 
function. 

Dr  Kellie  perfonaeil  numerous  experiments  on  sheep  and 
dog*  in  order  to  elucidate  tliis  subject.  Some  of  these  autmaJs 
V  bled  to  death  by  opening  the  carotid  or  femoral  arteries, 
others  by  opening  the  jugular  veins.  In  some  the  carotids  were 
first  tied,  to  diminish  the  quantity  of  blood  sent  to  the  brain, 
and  the  jngulara  were  then  opened,  with  the  view  of  omptying 
ils  of  the  brain  to  the  greateitt  possible  extent  ;  whjle 
in  othera,  the  jugulara  were  firat  se<Tured,  to  prevent  as  much  as 
poMible  the  return  of  the  blood  from  the  brain,  and  one  of  the 
carotids  was  then  openod.  He  inferred,  from  the  whole  inquiry, 
which  wan  conducted  with  extreme  care — "  That  we  cannot,  iu 
f»ct,  lessen  Ut  any  considerable  extent  the  quantity  of  blood 
within  the  cranium  by  arteriotomy  or  venesection  ;  ami  that 
when,  by  profuse  hemorrhages  destructive  of  life,  we  do  succeed 

I  in  draining  the  veasels  within  the  cranium  of  any  sensible  por- 
tion of  red  blood,  there  is  commonly  found  an  equivalent  to  this 
•poliaUon  in  the  increased  circulatiou  or  efl\iaion  of  serum,  serv- 
ing to  maintain  the  plenitude  of  the  cnmum." 
Dr  Kellie  made  other  experimenta  upon  the  efiects  of  position 
immediately  after  death  from  strangulation  or  hanging.    He 
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sJbo  removed  a  portion  tit  ttje  UDyiuldiug  walls  of  the  ci 
ia  snme  animala  by  means  of  a  trephine,  ^ud  then  bled  them 
to  death  ;  and  the  differences  between  the  appearances  of  the 
brain  in  these  casea  and  in  those  where  the  cranium  was  entire, 
was  very  great.  One  of  the  most  remarkable  of  these  differences 
was  its  shrunk  appearance  in  those  animals  in  which  a.  portion 
of  the  skull  was  removed,  and  the  air  allowed  to  gravitate  upon 
its  inner  surface.  He  says,—"  The  brain  was  sensibly  depressed 
below  the  cranium,  and  a  space  left,  which  was  found  capable 
of  containing  a  teaspoouful  of  water."  These  facta  have  been 
confirmed  by  the  more  receut  investigations  of  Kusaniaul  and  _ 
Te„.r.  I 

When  a  piece  of  the  cranium  is  removed  from  the  cramunr* 
of  a  living  animal  with  a  trephine,  the  brain  exhibits  two  kinds 
of  movements.  One  of  these  is  syDchrouons  with  the  pulse,  the 
other  with  expiration.  The  firstdependsupon  an  elevation  of  the 
entire  brain  by  the  fresh  stream  of  blood  driven  into  the  large 
arteries  at  its  base  by  each  contraction  of  the  left  ventricle.  The 
second  depends  upon  the  difficulty  which  the  blood  encounters 
in  its  free  passage  to  the  heart  during  expiration.  On  carefully 
watching  these  motions,  it  will  be  seen  that  they  do  not  depend 
upon  any  recession  of  the  brain  from  the  inner  wall  of  the 
cranium  and  ita  subsequent  return,  but  consist  of  a  slight  pro- 
trusion through  the  opening  in  the  walls  of  the  cranium,  and  a 
return  to  its  former  level.  It  in  obvious,  therefore,  that  tf  there 
were  no  opening,  there  would  te  no  movement.  This  conclu- 
sion, arrived  at  by  John  Reid  from  reasoning,  has  been  demom- 
strated  to  be  correct  by  Dondera  who,  in  his  experiments  on 
rabbits,  could  never  perceive  any  movement  when  the  opening.  J 
in  the  cranium  was  firmly  closed  with  a  piece  of  glass,  althou^  m 
they  were  evident  enough  when  it  was  open.  Under  such  cir*  ^ 
cumstances,  also,  it  may  be  seen  that  during  ])artial  asphyxia, 
the  external  surface  of  the  brain  becomes  darker,  as  if  congested ; 
an  observation  that  shews  the  altered  colour  of  the  blood,  but 
offers  no  proof  that  the  quantity  of  fluid  within  the  cranium  is 
increased. 

It  results  from  these  inquiries  that  there  must  always  be  thtf  fl 
same  amount  of  fluid  within  the  cranium  so  long  as  it  is 
jured.  in  morbid  conditions  these  fluids  may  be  blood,  a 
or  pus  ;  but  in  health,  att  blood  is  almost  the  only  fluid  present  J 
fthe  cerebro- spinal  fluid  being  very  trifling),  its  quantity  o 
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y  undergo  ooly  very  alight  alterationa.    There  are  motij  circum- 

!•  atances,  however,  which  occasion  local  cougestiaus  in  the  Lroiu, 

I  And  couaequeuUj',  unequal  pressure  on  itH  structure,  in  which 

B  another  portion  of  its  Bubatance  must  contain  leas  blood, 

ao  that  the  amount  of  the  whole,  as  to  quantity,  i*  alwaya  pre- 

I   Mrred.     These  circumstances  are  meutaieniottonH,hteiuoiThage8, 

I   effusions  of  serum,  and  morbid  growths.     Such  congestioua,  or 

J   local  hyperemias,  in  themselves  coiiatitute  morbid  cooditions  ; 

L  and  nature  has  tu  a  great  eiteut  provided  against  their  oocur- 

Fenee  uuder  ordinary  circumstancea,  by  the  tortuosity  of  the 

arteriea  and  the  cerebro-spiual  fluid,  described  by  Magendie. 

Dr  Burrows  has  brought  forward  several  observations  and 

experiments,  which  he  considers   opposed   tu  the  theory  now 

advocated.     His  fa^ts  are  perfectly  correct.     We  have  repeated 

is  experiments  on  rabbits,  and  cati  confirm  his  descriptions. 

I   It  ie  the  iuferences  he  draws  from  them  that  are  erroncoua 

I   For  the  paleness  that  results  from  biGmorrhage,  and  the  differ- 

I  anoe  observable  iu  the  colour  of  the  brain  when  animals  inune- 

I  diately  after  death  are  suspended  by  their  ears  or  by  their  heels, 

I  are  explicable  by  the  diminished  number  of  coloured  blood  par- 

ia  the  one  awe,  and  by  tlieir  gravitation  downwards  in  the 

I    other.     That  the  amount  of  fluid  within  the  cranium  was  in  no 

'    way  afTectiid,  is  proved  by  the  plump  appearance  of  the  brains 

I   figured  by  Dr  Burrows,  aud  the  total  absence  of  that  shrunken 

appearance  so  well  described  by  lit  Kellie.     Neither  does  our 

I  otmervation  of  what  occurs  in  asphyxia  or  apncea,  oppose  tlie 

doctrine  in  question,  as   Dr  Burrows  imagines,  but  rather 

confirms  it. 

Ob  the  whole,  whether  we  adopt  the  terms  of  local  congestion, 

of  change  of  circulation  within  tlie  cranium,  or  of   unequal 

pressure,  our  explanation  of  t)ie  pat/uAogieal  phenomena  may  be 

made  equally  correct,  because  each  of  these  modes  of  expreaaiOD 

'mpliea  pretty  much  the  same  thing.     But  if  we  imagine  that 

I   veneaection  will  enable  us  to  diminish  the  amount  of  blood  in 

I  tbo  cerebral  veeehi,  the  theory  |>oints  out  that  this  isimpossible, 

I  and  that  the  efieels  of  bleeding  are  expl.iiued  by  the  influence 

I  produced  on  the  heart,  the  altered  pressure  ou  the  brain  eier- 

,   eiaed  by  its  diminished  contractions,  and  the  change  of  circula- 

I    tion  within  the  cranium  thereby  oocasioned. 

Peetdiarity  of  the  portal  circulalioH.     This  consists  in  the 
.    blood  derived  from  the  stomach  aud  the  intestinal  canal,  the 
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spleen,  pancraaa,  and  gall  bkyildcr,  inatend  of  pasaing  into  Uw 
vena  cava,  directly,  first  traveraiug  the  liver,  and  returning  to 
the  central  circulation  by  means  of  the  hepatic  veins.  Accord- 
ing to  Bernard,  however,  there  exists  five  large  branches,  in  tl: 
horse,  by  means  of  which  a.  direct  commuuication  takea  plat 
between  the  vena  jxirtse  and  vena  cava  witliin  the  hver.  The 
Tana  cava,  also,  he  says,  ia  muscular,  with  striated  fasiculi 
behind  the  Spigelian  lobe,  wliere  these  commimicatiotis  are  to 
/  be  found,  and  posses^two  large  valves,  so  arranged  as  to  sup- 
port the  column  of  blood  above  them.  A  similar  arrangement, 
he  says,  occura  in  man  and  iu  other  animals.  If,  therefore, 
daring  absorption,  the  large  quantity  of  alimentary  mattera 
from  the  intestine  ia  not  able  to  empty  itself  witli  sufficient 
rapidity  through  ita  ramifications  in  the  liver,  it  passes  through 
the  branches  described  into  the  vcua  cava.  Tiiey  are  prevented, 
however,  from  passing  into  the  iliac  veins  owing  to  the  valves 
of  the  cava,  but  readily  find  their  way  into  the  renal  veins  by  a 
retrograde  action.  Hence  why  the  products  of  digestion  may 
often  be  detected  in  the  iiriut;  b«fore  they  appear  iu  the  blood 
of  the  renal  artery  or  in  that  of  the  heart. 

Peevlianty  of  tke  pulmonary  eirculalion.  Tliia  conaista  in 
venous  blood  being  sent  to  the  lungs  through  a  tube  called 
the  pulmonary  artery,  and  in  arterial  blood  being  returned  to 
the  heart  through  four  veini,  termed  the  pulmonary  veins.  (See 
Heapiration.) 

PecuUariti/  of  the  eirculalion  in  errcliU  tiniut.  The  erectile 
tissue  appears  essentially  to  consist  of  a  pleius  of  veins  with 
varicose  enlargements  enclosed  in  a  fibro-muacular  envelope  with 
trabecular  partitions,  the  contraction  of  which  produces  the 
result.  Muller  described  in  the  penis  au  arrangement  of  vessels 
coming  off  from  the  aji«ries  which  he  called  arleria  hdieirutt 
with  dilated  extremities,  which,  during  erection,  became  turgid. 
The  correctneaa  of  thia  description  has  been  much  disputed.  It 
is  most  probable  that  the  phenomenon  ia  owing  to  venous  con- 
gestion, iufluenced  through  the  vauo-motor  system  of  nervea, 
assisted  in  the  case  of  the  penia  by  compression  of  their  larger 
trunks  by  the  iachio-cavemoai  and  bulbo-cavemosi  muaclea. 

PeodiarUy  of  the  fatal  arculatitm. — In  the  mature  foetiu, 

the  fluid  brought  from  the  placenta  by  the  umbihcal  vein 

.    (Plate/iS.  fig.  16,  3),  is  partly  conveyed  at  once  to  the  vena 

cava  aaceudens,  by  means  of  the  ductus  venoeus  (&),  and  partlj, 
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fl<nn  through  two  trunks  (4,  4)  that  unite  with  the  portal  vein 
(T),  retumiug  tht  blood  from  the  intcatiues,  into  the  substAtice 
of  the  liver,  thpnce  to  be  returned  to  the  vena  cava  by  the 
hepatic  vein.  HaTing  thus  been  tranamitted  through  the  two 
great  depnratiug  organs,  the  pkcentaand  the  liver,  the  blood 
that  enters  the  vena  cava  Ib  purujy  arterial  in  its  character  ;  but, 
beinj{  mixed  in  the  vcaaeEs  with  the  venous  blood  that  ii  re- 
turneii  from  the  tnmk  and  lower  eitremitiea,  it  loses  this  char- 
acter in  some  degree  by  the  time  that  it  reachee  the  heart.  In 
the  right  auricle,  which  it  then  enters,  it  would  alao  be  mixed 
with  the  veuiius  blood  which  is  brought  down  from  the  bead 
»nd  upjier  extremities  by  the  desoinding  cava,  were  it  not  that 
a  provision  esisia  to  impede  (if  it  does  not  entirely  prevent)  any 
further  admixture.  This  conajatB  in  the  arrangement  of  the 
Eustachian  valve,  which  directs  the  arterial  current  (that  flows 
upwards  through  the  ascending  cava)  into  the  left  side  of  the 
heart,  through  the  foramen  ovale,  wliilst  it  directs  the  vaxnt* 
current  (that  is  being  returned  by  the  descending  cava)  into 
the  right  ventricle.  When  the  ventricles  contract,  the  arterial 
blood  contained  in  the  left  in  propelled  into  the  ascending 
aorta,  oud  eupplies  the  branches  that  proceed  to  the  head  and 
upper  extremities  before  it  undergoes  any  further  admixture  ; 
whilat  Uie  veuous  blood  contained  in  the  right  ventricle  is 
forced  into  the  pulmonary  ailiei^',  and  thence  through  the 
iluctuB  BTteriosuB  (IT),  which  is  like  a  continnation  of  its  trunk, 
into  the  descending  aorta,  mingling  with  the  arterial  currents 
which  that  vessel  previously  conveyed,  and  thus  supplying  the 
trunk  and  lower  extremities  with  a  mixed  fluid.  A  portion  of 
this  is  conveyed,  by  the  luubiUcnl  arteries,  to  the  placenta,  in 
which  it  undergoes  the  renovating  influence  of  the  maternal 
blood,  and  from  which  it  ia  returned  in  a  stale  of  purity. 

Id  consequence  of  this  arrangement,  the  head  and  superior  ex- 
tremities are  supplied  with  pure  blood  retumingfrom  the  placenta, 
whilst  the  rest  of  the  body  receives  blood  which  is  partly  venous. 
This  ia  probably  the  explanation  of  the  fact,  that  the  head  and 
npper  extremities  ore  most  developed,  and  from  their  weight 
occnpy  the  inferior  position  in  the  uterus.  At  birth  the  course 
of  the  circulation  undergoes  changes.  Aa  soon  as  the  lungs  are 
distended  by  the  fiiat  inspiration,  a  portion  of  the  blood  of  the 
{lulmonary  artery  is  diverted  into  them,  and  there  undergoes 
aeration ;  and  as  this  portion  iocreoses  with  the  full  activity 
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of  the  lungs,  the  ductus  arterioHUB  gradually  sluiuks,  aud  it2 
cavity  finally  becomea  obliterated.  At  the  name  time,  the  fora- 
men ovale  \a  closed  by  a  valvular  fold,  aud  thus  the  direct 
muDicatioQ  betveen  the  two  auricles  is  cut  off.  When  these 
changes  have  been  accomplished,  the  circulation,  which  wsa 
before  carried  on  upon  the  plan  of  that  of  the  higher  reptiles, 
becomes  that  of  the  complete  wu-m-blooded  AQiroal ;  all  the 
btood  nliich  has  been  returned  iii  a  venous  state  to  the  right 
aide  of  the  heart  beiug  transmitted  through  the  lunga  before  it 
can  reach  the  left  side,  or  be  propelled  from  its  arterial  trunkM. 

BSBPI  RATION. 

The  great  object  of  this  function  is  to  admit  into  the  Bystenl 
osygeu  derived  from  the  atmospheric  air,  and  to  excret«  car- 
bonic acid  gas  and  watery  vapour.  It  is  carried  on  by  nieaia 
of  lunga,  the  structure  of  which  organs  is  so  arranged  aa  to 
expose  a  large  surface,  covered  with  capillary  blood -veaaels, 
the  action  of  the  atmosphere. 

Slmcturt  of  the  (uny*.— The  spongy  texture  of  the  lung  it 
formed  by  the  sudden  eipansion  of  the  terminal  broucliial  tubes 
into  air  veeicles,  which,  according  to  KOllilier,  takes  place  ' 
as  represented  Plato  XII.  fig.  5;  bat  which,  according 
Waters  of  Liverpool,  gives  rise  to  from  two  to  seven  or  eight 
elongated  air  vesicles  (Fig.  6).  These  consist  of  d  ~ 
branous  walls,  lined  internally  by  pavement  epithelium  (Fig.  4,  c),' 
which  reailily  allow  gases  to  pass  through  them.  Viewed 
temally  under  a  low  power,  these  compressed  air  vesicles 
present  the  appearance  represented  Plate  XII.  iig.  1  ;  but  <hi 
section,  look  like  fig.  2.  A  thin  slice,  magniSed  SOO  dinm. 
linear,  shews  the  air  vesicles  cut  across.  Pig.  4,  b,  b,  b 
fibrous  stroma  between  Ihem,  a  ;  and  the  rich  plexus  of  blood- 
vessels, ramifying  outside  and  around  them,  d,  d.  The  extreme 
vascularity  of  the  organ  may  also  be  judged  of  by 
a  welt  injectod  pre[>arBtian  of  pulmonary  tissue  under  a  1( 
power,  OS  in  Plate  XI.  fig,  13.  In  the  bird,  as  was  shewn 
Mr  Eainey,  this  vascular  plexus  forms  a  dense  thick  layer  of 
minute  capillaries  surrounding  the  air  vesicles,  as  shewn  Plate 
XII.  fig,  3.  In  frogs  and  ophidian  reptiles,  the  lungs  consist  of 
two  bags  or  bladders  having  depressions  and  devations  on  their 
iutemol  surface,— an  arrangement  which  in  them  and  the  higher 
ouimaJs  permits  of  an  extended  surface,  through  which 
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readily  pais  into  the  deuse  plexus  of  vessels  Burrouniliug  tLem, 
anil  mingle  with  the  Llood. 

JfeAaniwi  of  rttpiration. — Thia  conaiata  of  two  acts — dila- 
t»ticm  and  contractiou  of  the  chest,  OTtntpiralion  and  expiration. 
The  dilatation  of  the  chest  during  ordinary  reBpiration  is  prinui- 
palty  owiug  to  the  contractioa  aud  descent  of  the  diaphragm 
muscle.  But  when  a  deep  breath  ie  taken,  the  cavity  of  the 
cheet  is  still  further  dilated  by  the  intereo4talti,  »eaUni,  ttrrali, 
ftod  other  muscles.  Eipii-ation  ordinarily  is  owing  to  the  elas- 
ticity of  the  lungB  and  walls  of  the  chest,  aided  by  the  contrac- 
tions of  the  abdomiunl  muscles.  During  forced  expiration,  the 
lon^iuimiu  liorn,  tacro-lumbalu,  and  other  muscles,  co-operate. 

The  maimer  in  which  osygeu  is  abwirbed,  and  carbonic 
arid  given  off,  is  the  reault  of  physical  lawa.  The  air  iotro- 
ducod  by  atmospheric  pressure,  brought  into  play  by  the 
/action  by/the  diaphragm  and  other  respiratory  muscles,  fiila 
the  narsal  paasages,  the  trachea,  and  larger  ramifications  of  the 
bronchi.  This,  however,  would  not  penetrate  to  the  minute 
tubes  and  air  vesicles  of  birds  and  mammals,  though  it  would 
operate  perfectly  in  the  saccular  lungs  of  reptiles.  The  lower 
or  residual  portion  of  air,  therefore,  would  never  be  removed, 
w«re  it  not  for  the  readiness  with  which  gases  mingle  together. 
Oxygen  also,  being  lighter  than  carbonic  acid  gjs,  would  not 
descend  to  the  lower  parts  of  the  lung,  if  the  physical  law  of 
diffusion  established  by  (Iraham  did  not  come  into  operation — ■ 
rig.,  that  gases  are  dill'useil  inversely  in  proportion  to  the  square 
roots  of  their  densities.  Consequently  the  descen<ling  amount  of 
oxygen  will  exceed  that  of  carbonic  acid  gas  in  tlie  proportion 
uf  4- square  rout  of  IC- the  density  of  oxygen,  to  4't)!)- the  ai^nare 
root  of  £S'  the  density  of  carbonic  aciil.  Hence  is  explained 
how,  Dotwitlistanding  the  small  quantity  of  fresh  air  received 
into  the  lungs  at  each  inapiration,  tliat  quantity  is  difiiised 
npidly  throughout  the  whole  texture. 

Autcidlatioa.—  \i  a  stethoscope  be  placed  over  the  larynx  and 
trachea  of  a  healthy  man,  two  noises  will  lie  heard — one  accom- 
panying the  act  of  inapiration.  and  the  other  that  of  expiration. 
These  are  called  the  lart/iiifeal  and  iracktal  lomuit  or  »(unnur>. 
If  it  be  placed  a  little  to  the  right  or  to  the  left  of  the  manu- 
brium of  the  sternum,  there  will  be  heard  the  same  sonnds 
diminished  in  intensity.  These  are  the  l/roncAial  aoands  or 
If  now  we  listen  under  and  outside  the  nipple  on 
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the  right  side,  or  posteriorly  over  the  inferior  lobe  of 
luog,  there  will  be  heard  two  eery  fine  raurmura.  Tliat 
panyiug  the  JDSjiimtiou  ia  much  more  distinct  than  that 
pajiying  the  espiratioD,  which  has  been  attributed  by  Dr  Salter 
to  the  current  of  air  atriking  agnitist  the  anglea  of  diriaione  of 
the  bronchi,  aud  by  Dr  Watera  to  the  alight  conetrietion  that 
eiiata  at  the  mouth  of  each  air  sac  By  aome,  on  account  of  ita 
excessive  fineneea,  it  ia  stated  tbat  there  is  do  expiratory  mur- 
mar  in  health  ;  but  thin  is  incorrect.  Thcee  aounda,  theu,  are 
the  vaicular  rtspiralory  rnvrmuri.  All  theae  eounds  become 
eiaggerated  during  forced  respiration,  but  in  a  state  of  health 
they  never  lose  tlieir  soft  chankct«T.  Again,  if  we  lisleo  iu  the 
sajue  places  whilst  the  individual  speaks,  there  will  In  heard  a 
peculiar  regonance  of  the  voice,  whicU  haa  been  called,  in  the 
first  situation,  peclonloqwy;  in  the  aecond,  bronchophtmy ;  while 
'  in  tlte  third  it  is  scarcely  audible,  A  knowledge  of  diese  cir- 
cumstances, luid  a  capability  of  appreciating  these  sounds,  are 
necessary  preliminary  at«pa  to  the  right  comprehenaion  uul  de- 
tection of  the  murmurs  which  may  ba  heurd  during  disea^. 
These  respiratory  murmnra  are  occasioned  by  the  vibration  of 
the  tubes  through  which  the  air  rushea,  accordiug  to  well 
known  acoustic  principles.  Hence  they  are  loudest  iu  th« 
trachea,  finer  iu  the  large  bronchi,  aud  finest  in  their  ulliinat« 
ramifications.  The  vocal  resonance,  on  the  other  hand,  origi- 
nates in  the  laryuz  ;  and  dimitusliea  or  iucrenaea — Ist,  Accord- 
ing to  the  distance  of  any  point  from  the  source  of  the  sound  ; 
and,  2d,  According  to  the  power  which  the  textures  luive  in 
propagating  it.  The  changes  prorluced  in  these  murmurs  by 
disease  belong  to  the  study  of  Clinical  Medicine.* 

ItTimbfr  and  extent  of  rapirationt. — The  number  of  respira- 
tjona  which  occur  in  the  minute  during  health  are  from  fourteen 
to  eighteen  ;  but  in  disease  they  have  been  known  to  )>e  so  low 
ns  seven,  and  so  high  as  a  hundre  J.  The  amount  of  air  inspired 
also  varies ;  in  health  ranging  from  20  to  S5  cubic  inches  (Coat- 
hupe).  A  man's  average  breathing  capacity  is  best  tested  by 
!v  forcible  expiration,  which  yields,  according  to  Hutchinson, 
325  cubic  inches,  as  measured  by  the  spirometer,  and  exercises 
a  pressure  equal  to  a  ^  lb.  Tipoo  each  square  inch  of  surface,  or 
150  lbs.  for  the  male,  and  123^  Iba.  for  the  female. 

Tiie  ordinary  amount  of  air  taken  in  ia  called  by  Mr  Ilutch- 

•  Hi  Ui»  Aulhoi'i  aiolcil  KcJlrfne,  Bib  fJlUon,  r.  CT. 
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inson  brtatKing  or  tidal  air,  from  30  to  SS  cubic  inches.  The 
extra  titnouat  whicb  may  be  inspired  forcibly  he  calls  com- 
fltmmlul  air,  about  100  cubic  inches  more.  What  remains 
After  an  ordinuiry  ioBpiration  he  calls  raerve  air,  about  100 
cubic  LucheH ;  but  as  it  is  impoesible  by  the  greatest  efforts 
entirely  to  free  the  luag  of  air  altogether,  be  ilcnoiuinateB  that 
portion  which  no  power  can  eipel  Tttidual  air,  also  about  100 
cubic  incliea.  Tlie  total  amount  of  air  then  in  the  chest,  after 
the  deepest  possible  inspimtion,  unouuta  to  about  326  cubic 
iDcbes.  With  the  spirometer  he  measured  the  alteratious  whicb 
take  place  in  the  average  breathing  cApacity  according  to  the 
weight  and  age  of  the  individual,  and  estimated  the  force  em- 
ployed by  tlio  muscles  of  ioapiration,  which,  in  a  man  capable 
of  breathing  200  cubic  feet  of  air,  he  fixed  at  301  lbs. 

Marey  and  others  have  invented  instruments  by  which  the 
moreraenta  of  respiration  and  the  qnantily  of  air  can  be  regis- 
tered. That  constructed  by  MM.  Bergeor  ind  Kastus  is  figured 
Plate  XXI.  fig.  22.     (See  Practical  Physiology.) 

SJtet  of  respiration  on  the  atmotpherie  air.  The  groat  change 
which  the  atmospheric  air  undergoes  in  going  into  anil  coming 
out  of  the  lungs,  is  the  removal  -of  a  portion  of  the  oxygen,  and 
tlie  substitution  of  a  qnantity  o£  carbonic  acid  gns.  For  a  long 
time  it  was  supposed  that  the  1o«8  of  the  one  was  exactly  equal 
to  the  production  of  the  other,  but  it  ia  now  known  that  ths 
volnme  of  oxygen  which  ia  absorbed  is  far  greater  than  that  of 
the  carbonic  add  ^ven  off  ;  and  hence  we  must  conclude  that 
the  former  gas  serves  not  only  for  the  oxidation  of  carbon,  but 
also  of  hydrogen  in  the  animal  organism.  If  the  air  be  already 
charged  id  some  degree  with  carbonic  acid  gas,  the  quantity 
exhaled  Is  much  less,  a  circumstance  which  strongly  points  out 
the  necessity  of  ventilation.  It  is  not  sufficient  for  health  that  a. 
room  should  contain  the  quantity  of  air  requisite  for  the  respira' 
tion  of  its  inhabitants  during  a  given  time,  since  long  before  its 
exhaustion  it  will  contain  a  quantity  of  carbonic  acid  sufficient 
to  interfere  with  the  neceiaary  excretion  from  the  blood,  Hence 
the  headache  and  other  symptoms  often  experienced  in  breath- 
ing coulined  air.  Tlio  manner  in  which  oxygen  is  diffused 
through  the  air  voaiclea,  and  carbonic  acid  given  off  from  them, 
eeems  owing  to  the  physical  law  deacvibed  by  Professor  Graham 
with  respect  to  diffusion  of  gases  ;  and  the  quantity  of  tlie 
former  which  enters  will  be  much  greater  than  that  of  the 
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latt«r,  whith  passes  out  in  the  proportion  of  117^  to  lOOO  The 
one-mxth  of  oxygen  which  thus  eater  the  tiody,  and  ia  not  eon- 
verted  into  carbonic  scid,  is  aujiposed  to  combine  with  hydrogen, 
furnished  by  the  food  and  by  the  disintegration  of  the  tissues,  to 
produce  water.  Part  of  the  water  so  formed  is  again  exhaled  in 
the  form  of  rapour  from  the  luogs.  Another  part  of  the  oxygen 
is  used  in  oxidising  the  sulphur  and  phosphorus  token  in  with  , 
the  food,  and  excreted  cliiefly  in  the  condition  of  siilphm 
phosphoric  acids.  The  absolute  quantity  of  solid  carbon  gives  J 
off  by  the  lungs  is  about  160  grains  per  hour,  or  U  oz.  troy  ii 
the  twenty-four  hours.  Tliis  varies,  however,  according  to  I 
various  circninstances,  especially  exercise  nud  food.  During  J 
hiird  labour  12  ounces,  and  during  the  repose  of  sleep  only  4  ( 
ounces,  may  be  excreted. 

The  most  important  experiments  in  recent  times  aa  t 
excretion  of  carbonic  acid  by  the  lungs,  have  been  made  by  Dr 
E.  Smith  of  London.*    In  determining  the  influence  of  food,  ho 
made  numerous  careful  experiments  ;  and  of  the  many  concla- 
sions  he  anived  at  on  this  subject,  the  following  iniiy  be  quoted; 
1.  That  the  influence  of  food  is  evident  soon  after  its  introduo-   I 
lion  into  the  syBteni,  and  attains  its  maximum  within  about 
two  hours.     2.  Puie  starch  and  fat  do  not  increase  the  quantity 
of  carbonic  acid  evolved,  but  on  the  contrary,  the  latter  si 
what  lessens    it.      3.  The  cereals,    however,    which  contain, 
besides  utarcb,  albuminous  products,  gluten  and  sugar,  increase 
the  excretion  of  carbonic  acid  to  the  extent  of  two  graini  per    . 
minute.   4.  Millc,  sugar,  tea,  and  coffee  do  the  same.    5,  Alcohol,   J 
rum,  and  malt  liquora  increase  it  to  the  extent  of  one  grain  per 
minute  ;  but  brandy  and  gin,  especially  the  latter,  lessen  it. 
e.  Foods  may  be  classified  into  non-excitants  and  excitants  as 
regards  the  excretion  of  carbonic  acid  gas.    The  non-txeitanu 
are,  starch,  fat,  some  alcohols,  and  coSee  berries.     Tlie 
are,   sugar,    milk,    cereals,    potatoes,    gluten,    gelatin,    fibrin, 
albumin,  tea,  coffee,  cocoa,  chicory,  alcohol,  rum,  and  soma   \ 

These  results  are  remarkable  ,u  distinguishing  starch  and  fnt 
as  non-excitors  of  increased  carbonic  acid  in  expiration,  thus 
confirming  what  I  have  long  maintained  on  histological  grounds 
—viz.,  that  fats  and  oils  serve  largely  to  build  up  the  tissues, 
tiud  are  not,  as  Liebig  endeavoured  to  shew,  merely  respira- 

■  Tram.  <A  Rojul  Society,  Londgn,  laso. 
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Utrj  food.  They  are  lurtber  remarkable  in  ehewing  that 
aloohol  and  rum  incTeaiSe,  while  brondj'  and  gin  diminiah,  the 
i:arboiiic  aciti— offecla,  which,  if  correct,  are  wholly  ineiplicable. 

la  udditiun  to  the  amount  of  exercise  and  the  nature  of  food, 
the  quantity  of  carbonic  acid  excreted  by  the  lungs  varies  ac- 
cording, 1st,  to  age — it  ia  greater  in  adults  than  in  childhood 
and  advanced  age  ;  2d,  to  Mr — it  ia  greater  in  lualeo  ttiau  in 
femalea,  and  in  the  latter  ia  increased  by  auppreasion  of  the 
a  and  by  pregnancy  ;  3rd,  to  exterwd  Itmperature — it  is 
greater  in  cold  than  in  wann  weather ;  4tli,  to  tecuon^it  ia 
greater  in  epring  than  in  autumn  ;  5th,  period  nf  tkt  day — it  ia 
leaa  by  night  than  by  day  ;  6th,  deetlopmtnt  of  the  body — it  ia 
greater  in  robust  than  in  feeble  perBons  ;  7tb,  to  dtep  or  tattek- 
fidneti — in  sleep  it  is  less  than  during  the  wnkiug  state  ;  and 
8th,  according  to  dUetutd  conditioia  which  have  not  yet  been 
very  carefully  determined. 

During  respiration,  an  abaorption  and  exhalation  of  the 
nitrogen  of  the  atmosphere  ia  constantly  taking  place,  but  the 
unouut  of  the  one  balances  that  of  the  other. 

The  skin,  also,  is  continually  giving  off  a  amnli  quantity  of 
carlxinic  acid  gas,  the  amount  of  which,  however,  has  not  bceu 
very  accurately  estimated.  It  is  said  to  be  from  l.^tOtb  to  l.GOth 
of  that  czlmled  from  the  lungs  (Siiharliug).  According  to  Dr 
E.  Smith,  it  amounted  in  summer  to  G  groins  per  hour,  or  about 
1  j>er  cent  of  the  amouut  passing  off  by  the  lungs. 

The  amount  of  watery  vapour  given  off  by  tlie  lungs  ia  suffi- 
cient to  aatumte  the  expired  air,  or  nearly  so,  and  the  quantity 
of  water  varies  from  6  to  S7  ouDcea  daily,  according  to  the 
nature  of  the  diet,  amount  of  exercise,  temperature,  humidity 
of  the  atmosphere,  £c,  &c. 

Efeet  o/rapiration  on  the  Uood. — Aa  regards  the  effects  of 
respiration  on  the  blood,  the  most  striking  is  the  change  of 
colour  of  the  claret-like  venous  into  the  bright  scarlet  of  artc- 
riftl  blood-  Venous  blood  out  of  the  body,  when  exposed  to  the 
ntmoepliere,  undergoes  the  ttame  change.  In  the  limg  there  are 
greater  facilities  for  accomplishing  this  than  on  blood  drawn 
from  a  Teasel,  on  account  of  its  minute  division  into  small 
;  while  the  delicate  membrane  lining  the  air  vesicles, 
■  from  the  rapidity  with  which  gases  are  diffused  through  tbem, 
'  may  be  said  to  offer  no  obstruction  whatever  to  this  process. 
The  oxygen  which  enters  the  lunga  also  colours  the  free  nuclei 
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ia  nmnimala,  and  the  cells  in  tlie  otlier  verteLiratA  which  join  ths^ 
blood  from  tbe  chyliferous  syatem.    The  temperature  of  arterial  \ 
blood  ia  one  or  two  dcgn-ee  higher  than  venous  blood  (Davy),  _ 
The  ejjccific  grai'itj  and  nmnber  of  corpuscles  also  are  said  to 
be  somewhat  greater,  and  it  contains  a  larger  amount  of  oxygen 
and  less  carbonic  add.     Recent  researches  have  shewn  that  the 
power  of  absorption  of  the  blood  for  oxygen  and  carbonic  acid 
gas  is  altogether  peculiar,  and  follows  laws  of  its  own.    Thus  at 
32^  F.  it  will  absorb  from  16'S82  to  19-794  volumes  of  oxygen, 
whilattheaameamountof  water  will  only  absorb  2-97  vols.  (Sets- 
clienow).*     At  48°  F.  it  will  absorb  178'3  yola  of  carbonic  acid, 
while  tho  same  nmuuat  of  water  will  absorb  only  100  vols. 
(Meyer).t     This  must  be  dependent,  more  or  less,  on  chemical 
affinity.    Thus  the  oxygen  is  supposed  to  uuite  with  the  hemo- 
globin of  the  red  corpuscles,  and  the  carbonic  acid  with  tha  < 
carbonate  and  alkaline  phosphate  of  soda  dissolved  in  the  liquup  ■ 
sanguinis.     It  is  now  determined  that   these   gases   may  noil 
only  Mist  free  in  the  blood,  as  shewn  by  Magnus,  but  also  in  ■ 
combination.    The  proportion  of  the  gases  in  human  blood,] 
according  to  Setschenow,  is  in  100  vols. ;— 


ToUl  quantity  of  gas  in  the  blood 

48-20 

Total  free  gas 

45-88 

Oxygen          .... 

16-41 

Free  Carbonic  Acid 

28'27 

Combined  Carbonic  Aciil     . 

2-33 

Nitrogen       .... 

1-20 

These  proportions  vary  in  different  parts  of  the  arterial  andV 
venous  aysteniB,  according  to  periods  of  digestion,  of  exercis*,  j 
and  of  other  causes  ;  but  further  observations  are  required  to  I 
determine  the  amount  of  difference. 

Numerous  chemical  theories  have  been  advanced  to  explain 
the  manner  in  which  oxygen  ia  removed  from  the  inspired  air, 
and  a  quantity  of  carbonic  aciil  gas  added  to  expired  air.  But 
whether  the  oxygen,  after  forming  an  acid,  unites  with  the 
alkalies, — whether  it  attaches  itself  exclusively  to  the  colouring 
matter    of    the   corpuscles   or   to   the   hbrin,   or   unites   with  f 
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phiMplioraB  and  fatty  matter,  are  pointa  not  yet  finally  deter- 

With  rogarJ  to  the  respiraLility  of  various  gases,  pure  earbonic 
acid  got  cannot  be  inliaJeil  011  axcoaat  of  ita  causing  apasm  of 
I   the  glottis.     Experiments  ou  tlis  inhalatioa  olnitmgen  have  led 
I  to  no  resnlta  ;  It  seems  to  be  inert  so  long  as  oxygen  is  not  ex- 
cluded.    Excesti  of  hgdrogai  in  the  stmospkero  tany  be  breathed 
for  \  length  of  time,  provided  oxygen  be  proaeat      Nitrout 
Oixidt  gat,  or  an  excess  of  oxygen,  oa  is  well  known,  acts  as  a 
powerful  stimulant.     A  small  portion  of  earbonie  oxide  gai  with 
Mr  causes  a  sensiition  of  tightness,  siiffocatioD,  insensibility,  and 
L  death.     Sufpharttted  hydrogen,  telenhrttled  hydrogen, phntphitr- 
1  ttud  hydrogen,  and  arseauretred  hydrogen,  ammoniacal  gat,  muI- 
r  phjirotu  acid,  and  ehlorint  produce  similar  effects. 

Afphyxia. — If  respiration  be  embarrassed  or  difBciilt,  it  con- 
stitutes dyipnaa ;  if  arrestod,  from  exclusion  of  atmospheric  air, 
tuphgxia  is  produced.  As  a  general  rule,  if  the  air  be  cut  off 
from  the  lungs  of  a  warm-blooded  animal  by  strangulation  or 
immersion  in  water,  all  external  musculiir  movements  wUl 
ceue  in  a  period  varying  from  three  to  five  minutes,  and  the 
ranmlation  comes  to  a  stop  in  ten  minutes.  In  eiperimeuta 
performed  by  a  Committee  of  the  Medico- Chirurgical  Society 
of  Ixmdon,  it  wns  ascertained  lliat  when  death  by  drowning 
took  place  very  rapidly.  It  was  iu  consequence  of  water  entering 
the  Inngn.  But  if  a  cork  was  inserted  firmly  into  a  tube  pre- 
viously tied  into  the  trachea  Ui  prevent  this,  etforfa  to  breaths 
coDtiuued  for  4  min.  fi  sec  in  dogs,  and  3  miu.  S5  sec  in  rab- 
bita.  Some  iiidividunla,  by  force  of  habit,  seem  to  have  acquired 
the  power  of  retaining  their  consciousness  for  a  considenble 
Ltime  tinder  water,  as  in  the  divers  of  Ceylon,  some  of  whom 
Uve  been  kuown  to  remain  immersed,  and  actively  picking  up 
tors,  three  or  four  minutes.  This  period,  under  ordinaiy 
eumstances,  is  sufiicient  to  induce  death  ;  for  few  persons 
r  who  have  been  under  water  four  minutes.  Exceptional 
OStanoes,  indeed,  are  on  record  where  persona  have  revived 
ti  submersion  of  half-an-hour.  It  ia  supposed,  however, 
n  these  a  state  of  syncope  wa«  OMasioned  at  the  moment 
Bsf  immerHion,  from  fear,  mental  emotion,  or  concussion  of  the 
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brain,  so  that  in  them  reapiration  did  not  exist  ttt  its  full  acti- 
vity. Newly-born  animala  can  survive  immersion  in  water 
much  longer  than  adults  ;  and  the  lower  the  temperature,  the 
le«8  rapid  is  asphyiia- 

The  order  iu  which  the  vital  functions  are  arrested  from 
asphyxia,  according  to  J.  Eeid,  ore  aa  folluwB  :  "  Dai-k  blood  ia 
at  first  transmitted  freely  tlirough  the  lungs,  and  reaches  the 
left  side  of  the  heart,  by  which  it  is  driven  through  all  the  tex- 
tures of  the  body.  As  the  blood  becomes  more  venous,  its  cir- 
culation through  the  vessels  of  the  brain  deranges  the  sensorial 
function^ anil  rapidly  suspends  them,  ho  that  the  individual  be- 
comes unconscious  of  all  external  impreaaious.  The  functions 
of  the  medulla  oblongata  are  enfeebled  about  the  some  period 
that  the  sensorial  functions  are  arrested,  but  ai'e  not  fairly  sus- 
pended for  some  time  longer.  Immediately  after  the  sensorial 
functions  are  suspended,  and  the  blood  has  become  still  more 
venous,  it  is  transmitted  with  difficulty  through  the  capillaries 
of  the  lungs,  and  consequently  begins  to  collect  in  the  right  aide 
of  the  heart.  A  similar  (jua,ntity  of  blood  must  now  neceaaarily 
leave  the  left  side  of  the  heaj^,  and  tliis  diminution  of  the  quan- 
tity of  blood. sent  along  the  arteries,  conjointly  with  its  venous 
character  and  the  ultironte  arrestment  of  the  circulation,  being 
circumstances  incompatible  with  the  manifestation  of  vitality 
iu  the  other  textures  of  the  body,  general  death  is  sooner  or 
later  induced." 

To  restore  asphyxiated  persons,  no  time  should  be  lost.  Tlie 
individual  should  be  immediately  placed  on  the  abdomen,  to 
allow  of  the  tongue  falling  forwards,  and  any  fluid  in  the  mouth 
to  escape.  One  of  the  arms  should  be  put  below  the  forehead, 
to  prevent  the  possibility  of  the  nose  and  mouth  being  com- 
pressed by  the  ground.  The  body  shoidd  then  be  alternately 
rolled  on  the  aide,  and  i^in  placed  on  the  abdomen,  so  aa  to 
imitate  the  compression  and  expansion  of  the  cheat  in  respira- 
tion. The  extremities  should  be  assiduously  rubbed,  especially 
pressing  upwards,  and  warmth  applied.  This  is  the  method 
recommended  by  Dr  Marshall  HaU.  According  to  Dr  Silvester, 
however,  artificial  respiration  is  best  carried  on  by  placing  the 
body  oo  the  back,  and  Edtemately  laising  and  depressing 
both  arms.  To  renew  the  heart's  actions,  Dr  J,  Eeid  reeom- 
mendeil  bleeding  from  the  jugular  vein,  and  encouraging  the 
flow  of  blood  from  the  lower   orifice  alone,  taking  care,  of 
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I,  to  prevent  the  entrance  of  air.  In  this  way  only  can 
the  right  cavities  of  the  organs  be  relieved  of  the  moss  of 
blood  which  mechanically  dislenda  them  and  prevents  their 
(Mntraction. 

YtjU3iation. — From  an  account  of  the  renpiratory  proceag  now 
given,  it  will  be  Been  that  a  very  Bmall  amount  of  poisonous 
material  in  the  atmosphere  produces  a  powerful  influence  on 
the  blood,  and  therefore  on  the  health  of  an  individual.  10,000 
volumes  of  pure  air  contain  only  from  2  to  5  of  carbonic  acid  ; 
but  in  rooms  more  or  leaa  crowded  the  air  has  been  aacertained 
to  contain  from  1  to  7  in  1000  volumes.  Should  there  be  only 
from  \\  to  3  volumes  in  that  quantity,  headache  and  vertigo 
are  generally  experienced  ;  and  if  it  Increase  to  fiO  volumes  in 
1000,  it  causes  coma  and  asphyxia.  An  adult  man  inspires  and 
eipires  during  traiuiuil  respiration  30  cubic  inches  of  air  every 
respiration;  and  if  be  breathes  Id  times  per  minute,  he  requires 
4SD  cubic  indies  per  minute,  or  28,800  cubic  inches  per  hour. 
If  pure  air  inspired  contain  4  volumes  uf  carbonic  acid  in 
10,000,  'while  expired  air  contain  40  volumes  in  1000,  in  addi- 
tion to  ot^ntc  matter  and  watery  vapour,  12  to  19  cubic  feet 
of  mrbonic  acid  are  expired  in  24  hours.  To  dilute,  therefore, 
the  expired  air,  so  that  the  carbonic  acid  shall  be  rednced  to  its 
normal  standard — that  is,  4  in  10,000 — there  will  be  required 
1666  cubic  feet  of  pure  air  per  hour.  But  as  the  air  added, 
itself  contains  some  carbonic  acid,  and  as  the  exhalation  from 
the  akin  also  requires  dilution,  it  may  be  said  that  20U2  cubic 
I    feet  of  fresh  air  are  required  every  hour. 

In  certain  diseases,  more  especially  typhous  fever,  scarlatina, 
measles,  &e.,  a  subtile  organic  matter  is  evolved  from  the  body 
which  t^nts  the  atmosphere,  whereby  they  are  propagated. 
The  amoimt  of  pure  air  required  to  neutralise  such  noxioos 
emanations  has  been  variously  estimated.  Some  imagine  that 
a  perceptible  smell  gives  indication  of  such  noxious  matters, 
and  Grossi  mentions  that  in  the  Neckar  Hospital  3600  cubic 
feet  of  pure  air  per  head  did  not  remove  such  smell.  This  doc- 
trine, however,  is  very  tlangerous,  as  many  noxious  gnses  have 
no  smell,  while  many  putrid  and  offensive  odours  to  the  nostrils 
have  been  proved  to  be  quite  innocent  Dr  Sutherland  believes 
tbiit  4500  cubic  feet  per  head  are  necessary  for  surgical  wards, 
and  that  this  should  be  increased  to  6000  feet  p«r  head  in  time 
of  epidemics.    Great  uncertainty  exists  on  this  point,  the  whole 
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Bubj«ct  of  ventilation  liaviog   been   greatly  neglected.      It   ta  ( 
only  now  commencing  to  form  ooe  of  the  recogniBed  important 
problema  that  demand  attention  among  the  aanatury  queatioi 
of  the  day. 

Growth  and  Sbcretioh, 

We  hare  previonaly  shewn  that  the  tiMues  hare  a  vital  pro-| 
perty  of  attraction  and  Belection — liy  some  termed  Atdivt  aji- 
nity — wUereby  the  necessary  materiale  are  drawn  through 
delicate  membranous  nslla  of  the  capiUariee,  and  tnuiHformed 
chemically  and  stnicturaliy  into  the  t«itures.  Thua  eveiy 
atom  of  the  living  body  has  "been  consohdated  oat  of  materials 
derived  from  the  liquor  sanguinia.  We  are  forced  to  adopt  this 
theory,  for  it  can  easily  be  shewn  that  all  the  tisBues  depend  on 
one  fluid — the  blood — for  their  noiiriBhment ;  whilst  it  is  also 
clear  that  this  same  fluid,  in  different  tissues  and  organs,  gives 
rise  to  different  chemical  and  structural  results.  In  this  man- 
ner, an  minimal  is  maintained  for  u  series  of  years  with  the  same 
physical  charaetera,  the  diflerent  proportions  between  the  supply 
and  loss  causing  the  rapid  growth  of  the  young,  the  stationary 
period  of  adult  life,  and  the  decline  of  age.  Of  the  ultimate 
CAUses  of  the  differeut  variations  in  growth  we  know  nothing 
further  than  they  must  depend  upon  powers  inherent  in  the 
ultimate  molecules  of  the  tisnues.  All  that  science  can  nccom- 
pliah  is  to  obtain  a  knowledge  of  the  conditions  on  which  it 
depends.  Of  some  of  these  we  have  spoken  when  describing 
the  cell  theory  (see  p.  08),  but  there  are  four  otheis  to  which 
we  shall  allude  iu  this  place. 

1.  A  healthy  qwiiiCy  of  the  blood  is  necessary  for  a  healthy 
formation  of  texture  ;  and  this  implies  that  all  the  prooesses  of 
nutrition  should  be  properly  performed,  including  digestion, 
assimilation,  respiration,  secretion,  excretion,  and  so  on.  Any 
one  of  these  being  ilisturl>ed,  growth  of  the  body,  in  whole  or 
in  part,  may  be  faulty  from  want  of  appropriate  material.  Th« 
blood,  however,  enjoys  to  a  certain  extent  the  power  of  spoit- 
taueously  correcting  its  own  deteriorations ;  and  if  these  be  not 
excessive  or  too  long  continued,  it  rapidly  separates  or  gets  rid 
of  them  by  means  of  some  apparatus,  and  its  iiormal  chamcters 
are  restored.  We  are  coulinually  meeting  with  these  occur- 
rences during  our  observation  of  disease  ;  and  in  this  way  w» 
account  for  and  see  the  use  of  occasional  diaphoresis,  diarrhi 
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•piataxis,  loaded  urine,  aud  ho  on.  It  ia  alao  possailjlp  that  tlie 
excretion  of  oue  eabBtauce  ia  more  or  leaa  cotinecteil  with  the 
formation  of  another,  a»  iu  the  iuBtaucea  of  what  Mi'  Paget  calhi 
eomplenienlal  DUtrition,  of  which  the  growth  of  the  beard  in 
man  and  of  the  manims  in  femalea  at  the  period  of  puberty  lire 
illuBtrationa.  That  the  quality  of  the  blood  is  of  the  utmost 
importance  in  nutrition,  is  further  shewn  by  the  occurreut'e  of 
those  diaeaaea  wliich  uniiueotionably  originate  in  that  fluid,  as 
in  the  inoculation  of  unall-pox,  the  ezanthetnala,  &c.  These, 
in  their  turn,  apj>ear  to  pass  out  of  the  system  by  the  fonnution 
of  new  growths,  such  oa  the  pus  cells  in  the  inwtules  of  small- 
pox, the  new  epidermis,  in  Btartatina,  Sic, — a  process  named  by 
I>r  W.  Addison  eeU  tAerapefOic*. 

i,  A  proper  quantity  of  blood  in  a  part  is  also  essential  for 
growth,  at  is  proved  by  the  effeuts  of  those  occurrences  which, 
by  destroying  or  injuring  the  principal  vessel  leading  to  it, 
CAQses  its  wasting  or  death.  It  is  also  observable,  that  when- 
ever parts  are  actively  growing,  they  attract  more  blood  to 
tfaem  tk&u  usual,  shewing  that  there  is  on  intimate  relation 
between  activity  of  formation  find  the  quantity  of  blood  in  the 
teztares. 

3.  Ji  certain  influence  of  the  nereatu  tyitem  is  so  blended  and 
mingled  with  nutrition  of  parts  iu  the  higher  animaJs,  that  the 
impaiiment  of  the  one  materially  interferes  with  the  advance- 
ment of  the  other.  Thus  there  is  scarcely  an  organ  in  the  Wly 
the  fnoctiona  of  whicli  may  not  be  more  or  less  deranged  by 
various  conditions  of  the  mind.  Hope  and  confidence  are 
fai^y  favouruble  to  the  resolution  of  nnmerous  diseases ;  while 
fear  and  a  foreboding  of  evil  seldom  fail  to  aggravate  the  meet 
simple  mahuties,  and  in  dangerous  ones  oft«n  render  them  fatoL 
Destruction  of  a  nerve  leading  to  a  part  not  only  may  causa 
WBStiug  of  the  tissue,  but  often  ulceration  and  destruction  of  it 
The  stme  occura  wlien  disease  attacks  the  sjiinal  cord,  ov  one  of 
the  great  ganglia  of  the  sympathetic  syslem. 

4.  A  AealtAy  ttate  of  iht  part  to  be  nourithtd  is  as  necesBaty 
for  growth  as  the  other  conditions  meutioned.  If  the  property 
of  attracting  oud  selecting  materials  from  the  blood  be  inharent 
in  the  textures  themsetvea,  as  we  Have  soeu  is  probable,  it  fol- 
lows that,  if  these  textures  be  seriously  altered  or  destroyed, 
the  property  will  also  be  altered  or  destroyed.  Now,  thie  is 
what  really  takes  place  ;  and  hence  why  ao  many  diseaaee  of 
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texture,  once  occasioned,  a 

ference  (i(  art,     Snch  is 

injuries,  liy  exciting  or  dimiiuHhiDg  the  vit&l  properties  of  ite  1 

textures,  give  rise  to  irhat  are  called  tufl&mnvitions,  ttunoni^  ■ 

and  other  forma  of  so-called  morbid  growth& 

Such  are  the  conditiooa  nhich  serve  to  regulate  growth  m  J 
the  animal  economj.    The  proce»  may  be  ii 
timi,  constituting  what  is  called  hgptrtropki)  and  airop/iy.   There 
is  one  modification  of  growth,  however,  which  we  must  refer 
to  especially,  and  which  has  long  been  known  under  the  name 
at  teerelion. 

Seerdion. — This  process  was  for  a  long  time  couMdeied  as  one 
opposed  to  growth  ;  that  is,  as  a  function  having  for  ita  object 
to  separate  matters  from,  while  growth  was  directed  to  storing 
tip  or  adding  them  to,  the  organism.     We  now  know  that  secre- 
tion is  nmply  a  form  of  growth,  and  is  carried  on  under  tfae 
influence  of  the  same  laws  which  regulate  the   development, 
maturation,  sad  decline  of  nucleuted  cells  in  general,  and  of  the 
eonditioDS  just  referred  to  Id  particular.     Under  the  head  of 
"  Cell  Tissues  "  we  have  alluded  to  the  peculiar  properties  of 
secreting  cells.    They  are  generally  formed  on  one  side  of  a 
basement  membnme,  while  on  the  other  side  blood-vessels  are 
distributed,  from  which  their  contents  are  derived.    The  varia- 
tions in  glands  simply  result  from  the  convolutions  and  great«r 
m  less  complexity  of  these  universal  gland  elements  (Plate  XII. 
figs,  7  to  11).     No  relation  apparently  exists  between  the  stroc-  ■ 
ture  of  the  glandular  apparatus,  or  the  nerves  supplying  it,  and  I 
the  secretion  it  pours  forth.     Thus  the  pancreas,  the  lachrymal  I 
and  mammary  glands,  ore  very  much  alike  in  tlieir  histological  I 
elements,  although  the  pancreatic  and  lachrymal  fluids  and  milk  I 
are  widely  different.     This  fact  is  sufGcieot  to  convince  us  that  I 
a  projierty  of  a  peculiar  kind,  essentially  vital,  must  reside  in  I 
the  c«11s  themselves,  which  occasions  these  results.    This  jiro-  I 
party  is  influenced  by  the  some  causes  which  govern  cell  growth  I 
generally  (p.  58)  ;  more  especially,  however,  by  (1)  an  increased  | 
or  dimiuished  flow  of  blood  in  the  gLtnd,  (2)  a  gi-eater 
amount  in  the  blood  of  the  particular  matter  to  be  secreted  or  I 
separated,  and  (3)  the  influeuce  of  the  nervous  system.     (Sea  I 
Excito-secretory  Function  of  tlie  OanglionJu  System  of  Nerves.)  I 
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ABeORPTION  AKD  THE  SeCOSDAKY  DlQKSTlOK. 

'While,  on  the  one  bnnd,  maltera  &re  atwaya  jMLfflisg  from  th« 
E  llood  to  bnilil  up  the  tissues,  ou  the  other,  matters  arc  con- 
r  tinuallf  passing  into  the  hlcioil  from  tbode  tissues  which  have 
I  fulfilled  their  appointed  fuDCtioas.  The  new  material  takes 
L  exactly  the  place  and  form  of  the  old  ;  to  thnt  the  general  cou- 

■  figuration  of  the  bodj  is  preserved,  while  continuaUy  and  im- 

■  perceptibly  undergoing  a  change.     Although  lu  adult  imimali 
lot  see  the  tissues  forraing,  in  the  embryo  we  con,  and 

I  are  consequently  enabled  to  infer  the  steps  of  the  process.    But 
lot  see  the  healthy  tissues  disintegrating  and  absorbing, 
I  even  in  the  embryo  ;  and  this  source  of  informatiou  is  therefore 
I  cut  off  from  us.    Almoat  ail  that  we  kuow  of  this  process, 
a  actual  observation,  is  derived  from  the  study  of  morbid 
tomj.    From  this  we  learn  tbat  new  formutions  such  a« 
IS  and  cancer  cells,  break  down  and  are  reduced  to  a  fluid 
tat«  ia  the  inverse  order  to  that  iu  which  they  were  developed. 
I  Una  a  fluid  exudation  is  poured  out  from  the  vessels.    It 
■-eOB^lates  iu  the  form  of  molecules  and  granules.     These  imite 
%  to  form  nuclei,  around  which  cell^walls  nre  produced.    If  thi^ 
'   be  their  ultimate  point  of  develupmnnt,  they  are  again  reduced 
to  the  fluid  state,  first  by  the  solution  of  the  cell-wall,  and  sub- 
sequently by  that  of  the  nucleus.    The  whole  now  again  presents 
a  molecular  nnd  granular  aspect,  whilst  the  fluid  portions  pass 
through  the  walls  of  the  blood-vessels  from  without  inwards, 
and  an  enter  the  circulation.    Thus,  all  that  has  become  solid  is 
again  rciluced  to  a  liquid  or  gaseous  form,  to  pass  into  the  bloiMl. 
This  is  alt$orption.    We  do  not  see  this  process  iu  health,  but 
doubtless  particle  after  particle  of  solid  matter  is  reduced  to 
fluid,  and  disappears,  in  order  to  give  place  to  new  particles, 
which  fur  a  time  become  solid,  assume  form,  fuliil  their  func- 
tion and  allotted  period  of  life,  and  then  dissolve,  are  absorbed 
.■uid  eicreted  as  their  predecessors  were  before  them. 

This  in  the  aeamdary  digation.  Thus  the  blood  receives 
matter  from  two  sources — the  primary  and  secondary  digestions ; 
and  is  continually  giving  off  matter  in  two  directions — one  to 
build  up  the  tissues  and  form  the  secretions,  the  other  to  pro- 
duc«  the  excretions. 

Chamcal  emtttitation  of  the  Uood. — Numerous  analyaea  have 
been  made  of  this  fluid  by  the  most  tlistiuguished  chemiBts,  and 
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yet  no  two  of  tbem  have  been  alike  This  ia  eiplained  by  the 
fact  that  tiie  chemical  coDstitution  of  blood  mtut  constantly  be 
undergoing  ch&Dgea,  aot  outj  in  vAriona  individiula,  but  in  the 
ii,/  atme  iudividual,  from  ditferencea  in  diet,  aaafmilatioii,  respira- 
tion, excretion,  exercise,  and  the  numerous  circumstances  which 
influence  the  animiil  economy.  It  also  varies  in  the  two  seiea. 
We  give  the  results  arrived  nt,  from  a  large  aumber  of  data, 
by  Becquerel  and  RoUier  ; — 


.BLB,  shewing  the  Maxima,  Minin 
of  the  Ditfereut  Constituents  i: 
of  Man  :^ 


\,  and  Arerage  Numbe 
1000  parts  of  the  Blooi|9 


Density  of  defibrinated  blood      1060-2 

1062-0 

1058-0 

Density  of  serum 

.       1028-0 

1030-0 

1027-0 

Wat«r 

779-0 

800-0 

760-0 

Blood  coiT>uBcIes   . 

I41-! 

152-0 

131-0 

Albumin       . 

694 

73-0 

62-0 

Fibrin 

2-2 

3-5 

1-5 

Extractive  matters  n 

ndfr. 

ec  lu^Its     6-8 

8-0 

6-0 

Fatty  matters 

1-600 

3-255 

1-000 

Serolin 

-030 

■080 

impond. 

•488 

1-000 

■270 

Chotesterin   . 

-088 

-175 

*=^ 

Baponifled  fat 

1-004  ■ 

2-000 

70GB 

From  1000  parts  of  blood. 

after  calcination 

,  they  obtJiined—       ^ 

Chloride  of  sodium 

3-1 

4-2 

2-3 

Other  soluble  salts 

2-5 

3-2 

2-0 

Phosphates 

-334 

■7 

■28S 

Iron             .        . 

-565 

■633 

■508-1 

We  may  say  that  the  chemical  composition  of  the  blood  i 
geoeral  way  is  as  follows  : — 1st,  The  great  bulk  of  the  blood  !■ ' 
made  up  of  water,  varying  in  a  healthy  state  from  760  to  800 
parts  in  lOUO  ;  3d,  The  fibrin  is  amall  in  quantity,  varying  from 
\^aZ  parts  ;  3d,  Tlie  amount  of  idbnmen  rangea  between  60 
and  70  parts  ;  4th,  The  blood  coq^uscles  vary  from  130  to 
parts ;  5th,  The  extractive  matters  and  fat  range  from  1  t 
parts  ;  and  fith,  The  aoline  matters  rouge  from  5  to  10  part&  I 
These  are  not  the  eiact  propoHiouB,  but  approximative  resultal 
derived  from  numerous  onalyseH  which  are  easily  retained  by  J 
the  mind. 
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ITkt  mtan  amount  of  the  blood  in  tJie  hum.in  adult  maJe  ia 
84^  lb.,  ana  in  the  female,  !G  lb.  (Valeutiu.) 
The  liquor  tanguinit  and  its  coa^uiacion.^Tbe  liquor  Bun- 
gninis  IB  a  slightly  vIbcouh  yellow  fluid,  in  which  the  blood  eor- 
]niBclesHwiin.  In  it  theproperty  of  coagulntion  possessed  by  the 
blood  resides,  whicli  is  caused  by  the  sepAratiou  of  the  fibrin  it 
beld  in  solution.  Thi»  mny  be  seen  under  the  microacope,  in 
&TOurable  CAses,  to  be  precipitated  in  tlie  form  of  molecular  fibres, 
which,  entangling  the  corpuscles  together  in  a  muss,  bo  form  the 
clot  of  the  blood.  In  normal  blood  the  coloured  corpuscles  are 
equally  diffused  through  the  mass;  but  whenever  coagulation  is 
delayed  they  huve  more  time  to  sink  towards  the  bottom  of  the 
vmael,  leaving  a  whitieb  layer  above,  which  is  the  buffy  coat. 
Dr  Bichardsou  endeavoured  to  shew  that  coogulutiou  depended 
on  the  escape  of  a  small  quantity  of  free  ammonia  which  exists 
ID  blood.  But  numerous  researches,  especially  those  of  Lister 
and  Briicke,  have  proved  thin  theory  to  be  untenable.  In 
1849,  Dr  Andrew  Buchanan  of  Glasgow,  discovered  that  varions 
organic  liquids  that  did  not  coagulate  apontoncously,  on  the  Addi- 
tion of  a  piece  of  flesh,  membrane,  or  duid  of  the  clot,  and  otiier 
Bnbitauc«e,  did  so  rapidly.  Schmidt  attempts  to  explain  this  by 
suppoeiog  that  coagulation  depends  uu  two  substances,  whicli 
he  deaaadautea^Mno-plaitic  and  fibrinogen.  These  may  exist 
together,  or  may  be  separato  in  various  tiqiii<iCor  substances,  but 
it  is  Uieir  anion  under  certain  physical  conditions  which,  accord- 
ing to  him,  forms  fibrin  and  causes  coagulation.'*'  In  addition  to 
fibrin,  the  liquor  sanguinis  holds  in  eolation  albumin,  fnt,  and 
aalts,  and  all  those  substances  which  are  necessary,  directly  or 
iudi]«ctly,  for  the  formation  of  the  tissues  and  secretions.  It  may 
be  regarded  as  the  most  elaborated  portion  of  the  blood,  inasmuch 
M  the  corpuscles  arc  dissolved  in  it ;  and,  as  previously  stated,  it 
raceires  the  resultabothof  the  primary  and  secondary  digestions. 
^TBo  prepared,  it  is  the  essential  material  or  nourishing  fluid, 
^Hthich,  attracted  through  the  capillaries  by  the  tissues,  is  the 
^Bjonndation  for  all  the  formative  processes  of  the  economy. 
V  Function  of  l/ie  blood.— The  blood  circulating  through  tlie 
body  may  be  regarded  as  a  river  flowing  by  numerous  canals 
through  a  populous  city,  which  not  only  supplies  the  wonts  of 
its  inhabitants,  but  conveys  fi-om  theu  all  the  impurities  which 
I  (hroughvarioUBchanneUfind  their  way  into  itn  stream.  The  chief 
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auppliea  enter  the  circuUtion,  as  we  hare  previoudy  aeen,  in  Uie 
form  of  waUr,  albumin,  and  of  blood  corpuscles  from  the  primary 
./digestion.  TliesWreceive  oxygen  in  the  lungs,  where  they  be- 
'^come  coloured,  are  sent  all  over  the  body,  and  in  the  ultimate 
capillaries  yield  up  their  oxygen,  which  combines  with  carbon 
and  other  chemical  coaatitiieutH  of  the  tissues  to  form  numerous 
combiuatious.  After  a  time,  they  ate  dissolved  in  the  liquor 
aanguinis,  which  fluid  they  serve  to  elaborate.  The  hlood  also 
receives  and  holds  iu  solution  the  product*  of  the  secondaiy 
digestion,  so  that  it  is  a  highly  elaborated,  viscous,  and  comples 
organic  liquid.  It  is  the  blastema  from  which  the  living  mole- 
cules, nuclei,  cells,  and  other  elements  of  the  tissues  are  coa- 
tinually  attracting,  ou  the  one  hand,  new  matter  to  supply  the 
place  of  what  is  lost;  while,  on  the  other,  it  is  constantly  absorb- 
ing old  matter  which  has  sufficiently  served  the  iiiirposes  ot  the 
frame.  In  what  manner  thia  importaut  fluid  iitiliseH  the  various 
produi.'ta  it  receives  from  both  sourees  ia  aa  yet  uufcnown.  All 
that  we  can  determine  is,  that  the  whole  is  in  incessant  motion, 
rushing  rapidly  out  from  the  heart  through  the  arteries,  divided 
into  minute  streams  by  capillaries  in  the  tissues,  returning  more 
slowly  by  the  veins — a  circuit  through  the  frame  completed  in 
half-a-minute — subjected  to  the  constant  collision  of  about  two 
billious  of  semi-solid  corpuscles,  incessantly  undergoing  chemi- 
cal alterations  when  exposed  to  the  peculiar  action  uf  every 
organ  in  the  body  ;  and  while  imparting  one  or  more  of  its  con- 
stituent principles  in  this  or  that  tissue  aa  it  passes  through  it, 
at  the  same  time  absorbing  those  which  have  been  worn  out  in 
the  service  of  the  economy.  Blood,  therefore,  is  the  misture  ot 
the  bistogenetic  and  histolytic  processes  of  the  body.  It  is  in 
the  cireulation  they  mingle  together,  and  it  is  there  consequently 
we  must  look  for  an  ezplonalion  of  numerous  morbid  conditions 
which  deraugements  in  so  nicely-bulanced  an  organic  fluid  may 
be  expected  to  produce. 

Morbid  conditioru  of  tht  blood.—l  need  not  dwell  upon  the 
vast  importance  which  from  the  earhest  times  has  been  attached 
to  alterations  in  the  blood  aa  a  cause  of  disease.  The  red, 
white,  yellow,  and  black  bloods  of  Hippocrates — the  acid  and 
ulkoliue  blood  of  Van  Helmont — the  error  loci  among  the  blooil 
corpuscles  of  B<:eThaave— and  the  sthenic  and  asthenic  states  rA 
the  constitution  contended  for  by  Brown  and  Broussais — haiMI 
each  in  turn  regulated  the  medical  practice  of  civilised  nation 
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In  recent  times,  most  labiiriouB  efforts  bn.ve  been  miule  by 
Uieaiu  of  chemical  regeorches  and  of  the  microscope  to  investi- 
gate the  exact  condition  of  the  blood  in  disease. 

ChtnaeaL  cUteraCiont  of  lAe  blood  in  diaeate. — The   moat  ela- 
borate investigation B  into  this  subject  have  been  made  bj  the 
Ttench  chemists  and  pathologists,  more  especially  by  Andral 
and  Gavctrret,  in  1840,  and  by  Becquerel  and  Rodier,  in  1844, 
vhofle  researches  have  for  the  most  part  been  confirmed  by 
mtbaequent  inveatigalore.    The  results  which  the  latter  chemists 
MTtvetl  at  are  as  follows :— lat  Veneaection  greatly  diminishes 
the  number  of  the  blood  corpuscles,  increases  the  amount  of 
water,  slightly  diminishes  the  albumin,  but  in  no  way  affects 
the  fibrin,  extractive  matters,  or  salts.     Sd.  That  plethora  is 
ft  nmple  increase  of  all  the  constituents  of  the  blood.     3d.  That 
truth  a  misnomer,  but  is  used  in  the  sense  of  a 
lished  number  nf  the  corpuscles,  or  spancemia.     4tfa.  Tliat 
creases  the  amount  of  the  fibrin  from  3  to  10 
1000  parts,  doubles  the  quantity  of  cholesterin,  and  dimi- 
the  lUbutuin.  5th.  That  the  fibrin  is  diminished  in  fevers, 
itbemBtous  di.tordeni,  iutoxication,  starvation,  and  purpura 
lorrhagicB.    (Ith,  When  any  secretion  is  checked,  its  easen- 
principles  accumnbte  in  the  blocd.     7tb.  The  albumin  of 
blood  is  diminished  in  Bright's  disease,  in  cardiac  dropsy, 
in  poerperal  fever. 
These  conclusions,  founded  on  a  large  number  of  data,  are 
important,  and,  as  we  shall  sulisniueutly  see,  while  op- 
ta  former  views  of  medical  practice,  especially  in  aculu 
>ry  diseases,  completely  bannonise  with  the  results  of 
lem  experience. 
StmnUiral  aluratioiu  of  tht  blood  in  du*a*t. — These  for  the 
it  part  have  been  previously  described  when  speaking  of  the 
'  corpuscles  (p.  63),  and  of  Leucocythicmia  (p.  :20H). 
ScfUning  and  brtaking  up  of  Uood  cooyu/a.— Another  im- 
portant discovery  which  greatly  advanced  our  knowledge  of 
the  pathology  of  the  blood  was  made  by  Mr  Gulliver,  who 
loostcated  that  fluids  exactly  resembling  pus  to  the  naked 
re  were  the  result  of  mechanical  softening  of  the  clot,  and 
this  could  be  determined   by   the  microscope.      As  the 
It  of  numerous  experiments  and  observations,  he  stated, 
1839,*^"  let  That  coognlated  fibrin  when  removed  from 
•  8a  MaL.CUr.  Tniu.  for  Uwt  ifi,  vol.  ull,  ti.  ISO. 
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the  body  a.ad  subjected  to  t\.  blood  beat,  commences  to  soften 
ill  aboat  fortj  hours,  assuming  the  colour  and  consiatency  of 
pus,  but  easily  distiuguiehabte  from  it  b;  microscopical  auJ 
chemical  enainiuatiou.  2iL  That  the  puruleot-like  fluid  found 
in  the  fibriuous  clots  of  the  heart  aud  arteries,  and  so  frequently 
in  the  veins,  is  essentially  d  iatiuct  from  pus,  aud  analogous  to, 
if  not  identical  with,  softened  fibrin.  3d.  That  the  soft^ng  of 
cosgulsted  fibrin  is  au  elementary  pathological  ctmdition  of 
frequent  occurrence,  diatincl  from  suppuration,  and  constituting 
t,  considerable  proportion  of  the  cases  generally  denominated 
Buppurative  phlebitis."  These  remarks  throw  a  flood  of  light 
upon  numerous  morbid  conditions  of  the  blood,  separating  them 
from  inflammation,  and  accounting  for  obstruction  in  the  blood 
vessels  altogether  independent  of  that  pathological  stat«.  There 
especially  resulted  from  thean,  in  conjunction  with  the  further 
ori^ual  observations  of  Gulliver  as  to  the  fatty  degeneration  of 
blood  veaaeU,*  the  now  established  fact  of  impaction  of  portions 
of  the  clot  so  broken  up  in  distant  vessels.  That  foreign  solid 
bodies  floating  in  the  blood  would  obstruct  the  smaller  vessels 
and  occasion  exudations  was  first  shewn  by  the  experiments  of 
Magendie,  Cniveilhier,  Gaspard,  and  others,  who  injected  starch, 
quicksilver,  and  various  subetsnces  into  the  blood,  with  the 
effect  of  producing  fatal  inflammations.  In  like  manner  frag- 
roeuts  of  the  blood  clot,  softened  and  broken  up  in  the  manner 
deacribed  by  Gulliver,  have  been  shewn,  by  Kirkes,  Virchow, 
Tufnell,  and  others,  to  be  carried  by  the  circulation  to  the  brain, 
lungs,  or  extremities,  wheiv  they  become  impacted  in  smaller 
arteries,  producing  luemorrhage,  inflammation,  and  diminished 
nutrition  in  distant  organs. 

On  all  these  tupics  it  is  to  be  observed  that,  whilst  through- 
out Germany  these  tacts  have  been  widely  published,  under  the 
new  terms  of  Thrombosis  and  Emboliamus,  the  name  of  Gulliver 
has  never  been  mentioned.  Well  may  that  gentleman  remark 
in  his  recent  lectures  on  the  bboii,  speaking  of  physiological 
Bcieuce, "  Certain  it  is  that  many  branches  of  it — which  have  been 
well  cultivated  and  wrought  out  in  this  country— axe  afterwards 
transferred  to  the  continent,  and  published  ju  books  there,  and 
then  translated  and  brought  back  as  novelties  to  us,  in  such 
nmplicity — not  to  aay  duplicity — as  to  the  real  origin  of  tiwt 
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facts,  that  tbey  are  actually  paraded  as  part  and  parcel  of 
foreign  genius  and  discovery.'' 

Oeneral  view  of  diseoLses  of  the  blood. — To  enter  at  length  into 
all  the  diseases  of  the  blood  is  here  impossible.  I  shall  there- 
fore content  myself,  in  conclusion,  with  giving  a  list  of  the  chief 
alterations  to  which  it  is  subject  in  man  : — 

1.  Increase  or  diminution  of  the  blood  as  a  whole — Plethora^ 
spafuemia. 

2.  Increase  or  diminution  of  the  coloured  corpuscles — Poly- 
ffyrencemia  {Tu^fi*,  nucleus),  oligo  pi/rencemia. 

3.  Increase  of  the  colourless  corpuscles — Leucocytkcemia. 

4.  Increase  of  the  fatty  molecules — Lipoemia. 
6.  Increase  of  the  fibrin — as  in  inflammations. 

6.  Decrease  of  the  fibrin — as  in  fevers,  exanthemcUa,  purpura 
hcsmarrhafficaf  and  scurvy. 

7.  Increase  of  albumin — as  in  scrofula,  cancer^  and  morbid 
growths. 

8.  Decrease  of  albumin — as  in  BrigMs  disease,  cardiac  dropsy, 
and  py,erperal  fever. 

9.  Increase  of  uric  acid — Urcemiaj  as  in  advanced  Bright s 
disease,  rheumatism,  gout,  and  calculi  composed  of  lithates. 

10.  Increase  or  diminution  of  earthly  salts — as  in  rachitis, 
malacosteon,  calctUi  composed  of  phosphates. 

11.  Increase  of  sugar — Glgcohcemia,  as  in  diabetes,  calculi 
composed  of  oxalates. 

12.  Increase  of  bile — Chola^mia,  as  in  jaundice. 

13.  Poisons  of  various  kinds — Toxihamiia,  divided  into: 

a.  Animal  poisons,  such  sA  from  putrid  pus  or  ichor- 

hoemia  (commonly  called  pyhaemia)  ;  from  syphilis, 
small  pox,  scarlatina,  measles,  erysipelas,  glanders, 
plague,  &c.  ;  from  bites  of  venomous  animals,  &c. 

b.  Vegetable  poisons,  such  as  from  opium,  belladonna, 

aconite,  Calabar  bean,  strychnia,  &c.,  Ac. 

c.  Mineral  poisons,  as  from  carbonic  add  gas,  sulphur 

vapour,  mercury,  arsenic,  &c.,  &c. 

Animal  Heat. 

Many  of  the  processes  we  have  described  are  accompanied  by 
an  exchange  of  chemical  elements,  which,  in  the  act  of  forming 
new  combinations,  evolve  heat.  Thus  the  union  of  oxygen  with 
the  blood  in  the  lungs,  the  formation  of  carbonic  acid  gas  in  the 
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capillaries,  and  tiie  oxldatian  of  hydrogen,  sulphur,  ajid  phos- 
phorus within  the  system,  make  up  together  tlie  amount  of 
animal  heat  found  in  the  body.  TJie  average  temperature,  as 
estimated  by  placing  a  thermometer  in  those  internal  parts 
■which  are  most  easily  accessible,  is  from  98°  to  lOO"  F.  (se'ff" 
to  37.7°  C).  In  children  it  is  about  2°  higher.  In  Febrile 
diseases  it  has  been  obserred  to  rise  to  the  height  of  108°-5 
F.  (42-5°  C.)  in  children,  and  to  107°  F.  (41-6"  C;.)  in  adults. 
In  Asiatic  cholera  it  may  sink  to  77°  F.  (25°  C),  or  even 
lower,  and  the  breath  itself  feels  cool  to  the  naked  liand.  The 
natural  temperature  of  the  body,  though  slightly  affected  by 
temperature,  food,  and  exercise,  ia  on  the  whole  pretty  stjition- 
ary ;  a  circumstance  which  for  the  most  part  is  owing  to  the 
power  of  evaporation  possesaed  by  the  skin.  Hence  the  danger 
of  suddenly  checking  perspiration,  by  exposing  the  surface  to 
cold.  The  temperature  of  the  various  tribes  of  animals  differs 
considerably,  birds  having  a  higher,  and  reptiles  and  fishes  a 
much  lower,  temperature  than  mammals,  according  to  the 
medium  they  live  in.  Tliey  cannot,  however,  endure  severe 
changes  in  estemal  heat  and  cold.  Man  alone,  by  his  power 
over  food  and  the  supply  of  artificial  clothing  and  exercise,  is 
enabled  to  bear  without  injury  extremes  of  atmospheric  tem- 
perature that  no  other  animal  could  endure. 

AH  young,  as  well  as  very  aged  animals,  have  less  power  of 
Bustaining  heat,  and  are  more  influenced  by  the  surrounding 
temperature.  It  has  also  been  observed  tliat  animals  bom  blind 
are  more  dependent  on  external  temperature  thfui  those  which 
can  see  at  the  moment  of  birth.  This  is  dependent  on  the  con- 
joint circimistances  that  the  organs  of  tlie  former  are  not  so  fully 
developed  as  those  of  the  latter  animals  before  birth,  and  that 
while  the  one  cannot  obtain  food  for  itself,  the  other  can  do  so. 

We  have  seen  that  more  oxygen  is  taken  in  by  the  lungs  than 
escapes  from  them  iu  the  form  of  carbonic  acid  gas.  This 
excess,  by  uniting  in  the  ti&sues  with  the  carbon  and  hydrogen 
received  into  the  system  as  food,  produces  heat ;  and  the  carbon 
in  its  conversion  into  carbonic  acid,  and  the  hydrogen  in  its 
change  into  water,  gives  off  exactly  the  same  amount  of  heat  as 
if  these  processes  had  been  carried  on  out  of  the  body.  Hence 
the  quantity  of  heat  generated  bears  a  direct  relation  to  the 
activity  of  respiration  and  the  supply  of  food.  Thus  the  re- 
spiratory process  is  most  active  iu  birds,  and  they  possess  the 
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Ugheat  animaj  temperature  ;  and  in  reptiles,  in  wbot 
turn  IB  Blow,  the  heat  evolved  is  ninch  leas.  Even  ia  nian  ail 
«  circmustances  which  induce  rapid  breathing,  such  as  exer- 
D  iucreased  hent.  As  regards  the  influence  of  food, 
e  obserre  that  iu  northern  climeH,  where  the  oxygen  in  the 
la  more  abuudnnt,  because  the  air  is  more  condensed,  the 
uititj  of  food  taken  is  greater  than  among  the  inhabilanla 
U  tropical  countries:  Tlie  nature  of  the  food,  also,  in  the 
ona,  abounding  in  fattv  and  oilj  substancea  rich  in  carbon 
Mid  hjdrogen,  ia  better  adapted  ia  combine  rapidly  with 
^—&iio  escesB  of  oiygeu  than  the  vegetable  and  starchy  com- 
^■aoandB  osed  in  others.  The  effects  of  alcohol,  a  highly  cur- 
^■wcwaceous  BubBtance,  in  keeping  up  animal  heat,  ia  lu  like 
^Hbaimer  thus  explained ;  a  Huhstance  which,  rapidly  enter- 
big  the  blood,  coubines  with  the  excess  of  oxygen,  and  thus 
supports  the  temperature  of  the  body  when  exhaustion  from 
waat  of  food,  or  from  exercise  too  long  continued,  has  been 
occKsioned.  Stai-vation  also,  as  shewn  by  Choesat,  haB  a  marked 
influence  in  iliminishiog  the  temperature.  A  starving  man  ia 
aoon  frozen  to  death.  Thus,  in  the  words  of  Liebig,  to  whom 
we  are  indebted  for  establishing  this  chemical  theory  of  animal 
but,  "  Tlie  animal  body  acts  as  a  (umace,  which  we  aupply 
with  fueL  It  aiguifies  nothing  what  intermediate  forms  food 
may  assume,  or  what  changes  it  may  undergo  in  the  body  ;  the 
iMrt  change  is  nnifomily  the  conversion  of  its  carbon  into  car- 
bonic add,  and  of  its  hydrogen  into  water  ;  the  unossimihited 
nitrogen  of  the  food,  along  with  the  nnhurned  or  nnoxidiaed 
nrbou,  is  expelled  in  the  urine  or  iu  the  solid  excrcmentB.  In 
order  to  keep  up  in  the  furnace  a  constant  temperature,  we 
most  vary  tike  sujipty  of  fuel  according  to  the  external  tem- 
perature— that  is,  according  to  the  supply  of  oiygeu.  Hence, 
in  the  »"i"""il  organism  two  processes  of  oxidation  are  going  on 
^-one  in  the  lungs,  the  otlier  in  the  capillariea.  By  means  of 
the  former,  in  spite  of  the  degree  of  cooling,  and  of  the  Jn- 
creiMd  evaporation  which  takes  place  there,  the  constant  tem- 
peratnre  of  the  lungs  is  kept  up,  wbile  the  heat  of  the  rest  of 
the  body  is  supplied  by  the  latter." 

It  has  been  suppOBed  that  this  chemical  theory  of  animal  heat 
minires  mollification,  because — 1st.  EelmholJi  has  shewn  that 
to  the  extent  nearly  of  j'  F.  is  geDerat«d  in  the  muade  of 
g  recently  cut  from  the  aniina),  and  caused  to  cootractt    80- 
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Because  Dr  BennetDowler  of  New  Orleans  has  shewn  that,  after' 
death  from  yellow  fever,  the  temperature  of  the  body  often 
la  one  case  the  highest  temfierature  during  life  was  104°  F. 
uiiuutes  aft«r  death  it  bad  risea  to  109°  in  the  axilla  ;  fifte^i 
minutes  afterwards  it  was  113°  in  an  iDdaion  in  the  thigh, 
waa  109°  there  in  one  hour  and  forty  minutes.  In  three  houn' 
after  the  removal  of  all  the  viscera,  a  new  iuciaion  in  the  thigh 
gave  110°.  And  3d.  Because  the  observations  of  M.  Martens 
have  shewn  that  of  two  birds,  under  similar  conditions  as 
regards  the  chemical  conditions  producing  heat,  such  as  ducks 
and  geese,  the  ducks  always  posaeas  the  higher  temperature. 
But,  however  difficult  it  may  be  to  accouut  for  these  facts, 
there  can  be  little  doubt  that  animd  heat  is  produced  by  similar 
molecular  changes  in  the  animal  body  as  those  wliich  occasion 
heat  ID  general,  and  these  unquestionably  are  attributable  to< 
chemical  trausformatious. 

Excretion  ht  variocs  OttoAns. 
Wo  have  already  seen  that  the  textures  of  the  body,  while 
they  are  continually  assimilating  new  particles  of  matter  from 
the  blood,  are  constantly  giving  up  to  that  fluid  the  partidei 
which  have  lived  and  are  worn  out.  These  in  a  fluid  form,  but 
more  or  less  chemically  changed,  constitute  the  fibrin,  and  a 
portion  of  the  fat,  extractive  matters,  and  salts  which  circulate 
iu  that  fluid.  They  are  the  results  of  the  disintegration  of  the 
tissues— that  is,  of  the  seconilary  digestion  of  organic  matt«r 
which  takes  pluci)  iu  the  body  ;  and  being  useless, 
separated  from  the  economy  in  the  following  ways,  as- 

1.  Exertiiim  from,  the  lung». 
A  large  amount  of  watery  vapour  and  of  carbonic  acid  are, 
as  we  have  seen,  continually  passing  off  from  the  lunga.  The' 
water  thus  exhaled  daily,  varies  from  6  to  37  oz.  ;  and  the  car- 
bon, iu  the  form  of  carbonic  acid,  separated  in  the  same  spaoa 
of  time  varies  from  4  to  12  os.  troy.  In  addition,  then,  to  con- 
sidering the  lungs  as  organs  which  supply  oxygen  to  the  blood, 
and  as  supporters  of  animcJ  heat,  they  must  be  regarded  as  au 
apjnratUB  of  excretion,  whereby  oxygen,  hydrogen,  and  carbon 
are  continually  separated  from  the  body.  Under  the  heads  of 
"  Beapiration  "  and  of  "  Animal  Heat "  wc  have  sufficiently 
dwelt  on  these  pointo. 
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2.  Excretwnfron  the  liver. 
Portal  Wdorf,— The  blood  which  iUpplies  the  liver  ia,  like 
that  which  goes  to  the  luugB,  veaaaa,  and  the  portal  vein  which 
ouries  it  there  origioateB  for  the  most  part  from  tlie  capillaries 
of  the  intestines  (Plate  IX.  fig.  1,  12).  Hence  it  Jitfera  from 
uther  blood  in  frequently  coutaining  principleH  derived  from 
the  priniu;  digestion,  more  especiaJiy  fat,  dextrine,  and  sugar  j 
whilBt  it  does  not  pOMess  so  much  fibrin,  a  tnihstance  chiafly 
fonneil  from  the  secondary  digestion,  so  tlmt  its  dot  is  deficient 
in  finuueag.  The  food,  in  traverning  the  alimentary  canal, 
not  only  parts  with  s:ii1)itt.inceH  which  enter  the  systemic  cii^ 
eolation  to  form  blood,  but  also  with  portions  of  its  material 
which  enter  the  blood-vessels,  and  are  at  once  directed  through 
the  portal  vein  to  the  liver,  in  order  to  form  bile.  We  can 
easily  undentand,  therefore,  how  rich  eating  and  little  eserciae 
fovour  the  production  of  those  symptoms  which  are  denomi- 
iutt«d  bitioiu. 

Stntcture  of  tht  /irn-.— Wlien  the  blood  arrives  by  the  portiJ 
vein  at  the  liver,  it  breaks  up  into  a  mnltitude  of  minate  capil- 
hriai,  which,  with  a  mass  of  secreting  cells  filling  np  the  inter- 

•  between  them,  are  arranged  in  small  masnes  or  lobules.        -,-^ 
rnal  portion  of  these  lobules  contaiq/ the  portal  capil-    ^  fl 
ming  from  the  interlobnlar  veins,  which,  inosculating   /      % 
•r,  terminate  in  their  centre  in  small  vessels,  the  origins 
of  tb«  hepatic  vein,  which  couveya  the  blood,  after  having  thus 
traversed  the  liver,  into  the  vena  cava  (Plate  XUl.   fig;   1). 
The  hepatic  cells  fill  np  the  spaces  or  net  work  between  the  captl- 
Mcur  in  groups,  their  walla  compressed  together 
b  to  give  them  a  pentagonal  shape  (Plate  XII,  fig.  IG), 
it  di«iiMioii  has  taken  place  a«  to  the  mode  of  their  or- 
nent  within  the  organ,  and  the  manner  in  which  the  gall 
dneta  originate.     According  to  Kiemnn,  they  arise  from  the  ex- 
l«nial  portion  of  the  lolinle,  as  figured  Plate  XIII.  fig.  4.    Beale 
deacribea  the  liver  aa  formed  of  tubes,  often  terminating  in 
otcaI  Gstremities,  anil  lined  with  the  cells  which  constitute  the 
ultimate  nuuifications  and  ducts  of  the  glands  (Plate  XIII.  fig, 
3).     Chrxonsn3£Wsky  and  others  consider  that  a  minute  paa- 
st^  eziatfl  around  each  hepatic  cell,  and  that  the  biliary  ducts 
ungituitc  iu  tlieae  passages  (Plate  XIII.  fig.  3).     These  ■ 
ilucta  tliey  have  succeeded  iu  injecting.     It  cannot  be  said,  b 
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ever,  that  this  difficult  histological  questiou  hns  been  definitely 
decided.  The  action  of  the  cells  is  to  attract  aud  select  from 
the  blood,  materiala  which  they  el&Lorate  intu  bile  is  their 
interior,  and  this  is  subeequently  discharged  into  dncts,  and 
accumulated  in  a  gall-bladder  until  it  joins  the  food  in  the 
duodenum,  as  previously  described. 

The  bUt  is  a  vigcoua,  brown  or  greenish  fluid,  of  strong  bitl«r 
taste.  The  solid  matter  it  contains  varies  from  0  to  17  per  cent. 
The  quantity  of  it  formed  daily  has  been  estimated  at  3|  lbs. 
(Bidder aud  Schmidt.  Seep.304);  buttbisvaries  uuder  a  great 
variety  of  circumstances.  It  is  composed  of  water  holding  salts 
in  solution,  with  mucuB,  colouring  matter,  and  fitt.  TheaalUare 
those  of  soda,  potash,  and  ammonia,  in  combination  with  two 
reainouB  acids — the  gl^chochi^ic  and  taurodtolio  acids,  the  latter 
of  which  contains  sulphur  as  a  constituent.  The  colouring 
matters  are  five  in  number.  (See  p.  32.)  The  fatty  matter  ia 
composed  principalty  of  cboleatrin,  mingled  with  a  small  pro- 
portion of  fatty  acids  and  various  products  of  the  disintegration 
of  the  tiBBue  as  Itvcia,  tifrotin,  j:a?ifhin,  and  hyporatithin.  Oxide 
of  iron  is  a  common  cooatituent  of  the  ashes  of  bile,  and  copper 
is  found  in  healthy  bile  and  biliary  calculi. 

Bile  is  excreted  in  two  ways.  A  portion  of  it,  including  the 
colouring  matter,  passes  through  llie  whole  alimentary  canal. 
The  greater  portion,  however,  during  its  transit  is  absorbed 
intJ}  the  blood,  and  is  ultiniatdy  carried  off  by  the  respirator; 
process  in  the  form  of  curlfonic  acid.  The  amount  of  the  ex- 
cretion in  these  two  ways  varies  greatly,  one  being  to  a  certain 
extent  increased  if  the  other  l>e  diminished.  It  is  absolutely 
necesaary  for  the  bile  to  be  conducted  out  of  the  system,  and 
if,  through  any  obstmclion  in  the  duct,  it  be  prevented  from 
being  discharged  into  the  duodenum,  it  accumulates  in  the  blood, 
producing  jaundice,  and  acis  n»  a  poison.  Although,  there- 
fore, the  bile  is  uaeful  as  a  secretion  in  operating  on  t^  J 
chyme,  there  can  be  no  doubt  that  its  principal  function  i 
that  of  purifying  the  blood  of  hydrogen  and  carbon,  aud  iictingl 
as  an  excretion. 

The  orifice  of  the  common  bile  duct  in  the  du< 
narrower  than  the  duct  itself,  and  is  easily  closed  by  the  c 
traction  of  the  intestine.     The  va  a  tergo  exerted  by  the 
secreted  is  not  sufficient  to  open  it,  aud  the  bile  therefore  p 
into  the  gall-bladder.    When,  on  the  other  hand,  clijme  p 
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from  the  atoniBcb  in  quantitj'  during  digeetioD,  it  prob&blj  dia- 
t«DdB  the  duodeuum,  ttod  thus  tends  to  open  the  oriiice  of  the 
duct,  thereby  fuciUtating  the  flow  of  bi]e.  It  ha^  been  thought 
that  the  gall  bUdder  contracts  by  reflex  action  when  themucoiu 
coat  of  the  bowel  or  the  extremity  of  the  duct  iu  Htimutat«d  by 
food  or  drugs.  But  I  have  sutiafied  myaelf  by  several  experi- 
menta,  (1)  that  the  giUl  bladder  in  not  contractile  on  the  appU- 
CAtiou  of  the  strongest  stimuli  ;  (2)  that  it  has  no  proper 
niUBCular  coat,  but  only  a  few  fibre  cells  ;  and  (3)  tliat  irritation 
of  the  orifice  of  the  duct  in  rabbits  and  dogs  causes  no  flow 
ofbile.  On  the  other  hand,  strong  contraction  of  the  diaphragm 
and  muscular  parts  surrounding  the  gall  bladder  compresses  it, 
And  immediately  causes  a  flow  of  bila* 

Ft<«  fill, — The  liver  also  secretes  a  large  quantity  of  free  fat, 
which,  Accumulatiug  in  the  cells  of  the  organ,  often  causes  ao- 
CtUed/offy  liver,  as  was  first  shewn  by  Bowman.  It  collects  at 
firet  in  the  interior  of  the  hepatic  celia  in  the  form  of  minute 
Doleculee,  which,  uniting  together,  form  granules,  and  these  at 
length  mettictolarge  globules,  which  completely  distend  the  cell, 
.  and  cause  disappearance  of  the  nucli-us  (Plate  XII.  figs.  13  and 
14).  This  form  of  structural  atrophy  or  fatty  inflltration  causes 
great  enlargement  of  the  organ,  the  accumulated  fat  taking  the 
place  of  cell  texture.  All  sluil-fed  animals  present  this  condition 
of  the  liver  to  a  moderate  extent.  The  manner  in  which  this 
leaion  ia  induced  artificially  in  the  Hvers  uf  geese  at  Strasburg, 
in  order  to  make  the  celebrated  Patt  du  Fou  Orat,  ia  highly 
iUustmlive  of  the  function  of  the  organ,  and  of  the  mamier  in 
which  it  becomes  diaeaaed  in  hot  climates;  The  animala  are 
confined  in  a  heated  atmosphere,  and  largely  supplied  with  food. 
Wont  of  exercise  and  heat  diuiiuish  the  respiratory  function, 
uui  the  excretion  of  hydro-carbon  from  excess  of  fooil  is  there- 
fore forced  upon  the  liver.  Under  these  circumstances,  it  cannot 
be  wholly  got  rid  of,  and  ia  stored  up  in  that  organ  in  the  form 
Of  fat 

Otifcegai. — It  has  been  shewn  by  Bernard  that  the  liver  con- 
atantly  secretes  a  aubstancc  which,  when  separated,  preeent«  all 
the  physical  and  chemical  properties  of  hyilrated  starch.  He 
■nppOHed  that  the  moment  this  siibatance  cornea  in  contact  with 
the  blood  of  tlie  hepatic  vein,  it  is  converted  into  sugar,  which 
n  ita  turn  is  decompoaed  by  the  oxygen  of  the  air  in  the  lungs, 
*  8m  Iht  AuOiui'l  popot  In  BriUlk  JHidkai  Jixtnial,JtB.  T.  1B71. 
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and  there  disappeHrs.  If  the  piiimonary  action  be  insufficient 
to  aecompliah  thi«,  the  sugar  becomes  in  excess  in  the  blood 
generally,  anil  ia  excreted  by  Ibe  kidneys,  forming,  as  it  was 
■appooed,  the  disease  known  ne  diabtta.  Hence  also  wbj  a 
section  of  the  pneunio-gastric  nervea,  injuring  the  fourti 
tricle  of  the  brain,  where  these  nerves  originate,  and  occaaionally 
blows  on  the  head,  may  occasiou  diabetes. 

The  experimeuta  on  which  this  tlieory  was  founded 
tmmeniUB,  were  uarefuUj  repeated,  and  apj)eared  at  fiist 
very  convincing.  In  a  dog  that  had  been  fed  excluflively 
tn'mwl  food  for  six  weeks  the  portal  vein  wah  tied,  and 
animal  killed.  No  sugar  wa«  then  shewn  to  exist  in  the  put 
blood  going  to  the  liver,  while  it  did  exist  in  the  liver  itself, 
in  the  hepatic  blood  eoniing/r(»n  the  liver.  Again,  in  a  rabbit 
it  was  shewn  that  no  sngar  was  present  in  its  urine.  The  fourth 
vciitricle  was  Uien  perforated  from  above  with  a  strong  needle 
or  a  stylet,  and  in  an  hour  diabetes  was  produced.  Suliseqtient 
experimeuta,  however,  by  Pavy,  confirmed  by  those  of  M'Don- 
nell  mid  others,  have  shewn  that  during  life,  or  immediatdy 
after  death,  there  is  no  BUgar  in  the  liver  or  in  the  blood  of  the, 
right  side  of  tiie  heart,  olthou^  glycogen  or  the  amyloid  sub- 
stance is  present  Hence  its  occurrence  after  death,  as  witneaaad 
by  Bernard,  is  entirely  a  pott  mortem  phenomenon.  No  fact 
more  strikingly  exhibilfi  the  difference  between  living  functioDBi 
and  dead  properties,  and  how  careful  one  should  be  not  tod 
readily  to  infer  the  existence  of  the  former  from  an  examinatioo 
of  the  iatte^. 

The  liver,  therefore,  is  associated  with  the  lungH  in  excreting 
faydro-carbonaceous  products.  This  is  well  shewn  by  the  c1f> 
cumstance,  that  in  those  coses  where  the  lungs  iniperiect^ 
separate  carbonic  acid  gas,  the  action  of  the  liver  is  particular^ 
apt  to  be  disturbed.  Thu«,  if  more  non-uitrogeniaed  food  b9 
taken  than  can  be  got  rid  of  by  the  lungs  in  the  form  of  car- 
bonic acid,  the  hver  pours  a  greater  quantity  of  bile  into  tb6 
duodenum,  causing  those  symptoms  known  as  biliov*.  This  ta 
what  happens  frequently  to  Europeans  in  tropical  cliinat«& 
The  rarity  of  the  atmosphere,  and  the  little  exercise  which  ia 
taken,  throws  increased  work  upon  the  liver.  The  apj>etit«  ia 
then  too  frequently  stimulate'd  by  drugs  anil  apices,  whicli  in- 
crease the  dixturbance,  rendering  a  return  to  Europe  ueceBiaiy, 
All  such  petsuna,  therefore,  should  carefully  adapt  acerUiin 
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to  the  amount  of  exercise  they  lake  and  the  vigour  of  Uio  re- 
■piratiou,  avi>idiDg  carboDooeuus,  enpecuiUj  oily  food,  ajidalcoholic 
drinlu,  and  living  according  to  the  (rintple  habits  of  the  uativea, 

ErperimaM  of  the  EdinbmyA  Committee. — Coutdderiug  the 
nnoertaioty  that  existed  as  to  the  secretion  of  bile,  eapecislly 
among  medic&l  practitioners,  and  the  contradictory  opiniona  held 
aa  to  the  influence  of  mercury  and  other  drugs  ub  cholagogues, 
I  iD(g;ested  to  the  British  MeiUcal  Associatioii  at  ita  nieetiug 
ID  Cheater,  I8tt6,  to  appoint  u  Committee  to  investigate  the 
subject  This  wa«  agreed  to,  oud  the  Committee,  of  which  I  was 
appointed  Convener,  agipiied  itself  for  two  years  to  one  of  the 
moat  laborious  and  difficult  inquiries  in  the  whole  range  of 
phyHiological  and  therapeutical  investigationa.  The  reanlts 
urived  at  may  be  shortly  stated  aa  follows  : — * 

1.  That  no  kind  of  examination  <rf  the  fieces  can  yield  trust- 
worthy results,  because  it  ia  only  a  small  portion  of  the  bile 
derived  from  the  liver  and  poured  into  the  duodenum  that  is 
mixed  with  the  alvinc  discharges,  in  consequence  of  the  large 
quanltly  of  it  which  is  utiaorbed  and  decomposed  during  its 
through  the  alimentary  canal.  Purgatives,  it  ia  tme, 
may  cause  a  discharge  cif  unchanged  bile  from  the  bowel  in 
"  quantity,  but  this  is  no  proof  that  the  secretion  of  it 
is  augmented.  It  only  forces  the  bile  iu  the  ujijier  port  of  the 
OMud  downwards  and  outwards,  thus  preventing  its  alittorptioit 
U)d  the  cluuiges  in  it  which  would  otherwisD  take  place.  The 
only  accurate  methiHl,  therefore,  of  determining  the  amount  of 
bile  aecretod  by  the  liver,  is  by  producing  biliary  fistula!  in  living 
kulmols^  and  collecting  the  bile  ilirectly  through  suth  tistuls 
with  the  gall  bladder. 

S.  That  the  beat  animal  for  making  auch  investigations  with 
wu  the  dog,  because  it  was  shewn  hy  six  aeries  of  experimeuta, 
conducted  by  Dr  Wm.  Jtutherford,  on  these  animals,  with  and 
without  biliary  fistula,  tlinl  mercury  pro<luced  in  them  exactly 
the  same  pbeuomeua  during  life  an  it  does  ou  man,  oud  that 
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after  death  from  poisououa  doses  predsely  the  same  appearaDoe»| 
were  observed  in  the  dead  body.* 

3.  The  Committee  8u«.^eei]e<l  in  eskiijllsliiag  pertuauent  fistula 
in  nine  dogs,  with  which  they  were  enabled  to  purane  their  in- 
vestigationB  until  the  inquiry  appeared  to  them  to  be  exhausted. 

4.  Ill  every  caae,  the  fistula  being  established,  the  whole  of 
the  bile  secreted  for  S4  hours  was  collected  in  an  npparattui, 
which  is  described  in  their  Eeport,t  for  several  consecutive  da,yi 
HO  an  to  estsbliah  an  average ;  and  afterwards  mercury  was  g' 
in  all  its  forms,  in  everypossibleway,  and  inall  kinds  of  doses, 
further  collections  of  bile  were  made  in  the  same  careful 
to  contrast  with  them.     The  results  were  carefully  recorded  day 
by  day,  the  amount  of  bile  accurately  measured,  itu  fluid,  solid 
and  saline  constituente,  determined  bj  analyses,  and  the  quantitrf 
of  each  of  these  calculated  in  relation  to  100  grammes  of  the 
dog's  weight,  and  to  100  grammes  of  the  food  consumed. 

5.  It  WB8  conclusively  proved  th.tt  ou  no  occasion  whatevw, 
dill  mercury  increase  the  biliary  secretion.     The  drug  J< 
even  influence  it  bo  long  aa  neither  purgation  nor  impairment  of 
health  are  produced,  but  it  is  diminished  aa  soon  as  eiUiei 
both  are  induced.  I 

6.  Podophylliue,  another  drug  which  has  been  supposed  to 
have  a  cholagogue  action  on  the  liver,  was  tried  in  the  same  care- 
ful way  as  mercury  had  been,  and  ao  far  from  increasing  was 
found  to  diniitiiali  the  solid  constituents  of  the  bile,  and  the 
fluid  also  when  it  occasioned  purgation.  \ 

7.  Taraxacum  extract,  in  doaea  of  from  60  to  240  grains, 
shewn  to  be  quite  inert|| 

8.  Purgation,  however  proiluced,  was  shewn  by  the  Com- 
mittee invariably  to  diminish  the  quantity  of  the  biliary  secre- 
tion, a  conclusion  of  great  importance  in  a  therapeutical  point 
of  view.  This  result  is  evidently  due  to  the  drain  from  the  in- 
testinal walls,  which  furnish  portal  blood,  and  from  which  in 
turn  the  bile  is  almost  entirely  furmedlT 

9.  The  relation  between  the  amount  of  bile  aecrettnl  and  tlM 
quantity  of  food  consumed  is  not  so  close  a«  has  been  supposed. 
Often  the  dogs  while  eating  the  same  diet,  and  without  any 
apparent  diatui'bing  canse,  such  as  diarrhea,  secreted  one  Iial^ 
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I  and  on  one  occasion  four-fifths  less  than  on  ptevioos  nnd  Rubae- 
Iqnentdaya.  Agaiu.it  wan  often  oliserved  that  while  the  food  waa 
I  T&ried  in  quantity,  the  amount  of  bile  secreted  remained  the 
.  On  the  other  hand,  withholding-  food  altogether,  cauaing 
[  putial  st&rvatioD,  was  ahewu  greatly  to  diminish  the  secretion 
'    rfbile.* 

10.  The  ai^e  and  weight  of  the  animal  were  proved  by  the 
Committee  to  have  no  iulliience  on  the  amount  of  bile  «ecrut«d. 
Thua  a  large  dog,  weigliiiig  lit  kitugromroes  (Dog  4),  secreted 
on  an  average  only  fi7.1  JeeWa^of  bile  daily,  while  a  HnuJler^i 
dog  (Dog  6),  nut  one-third  the  oUier's  weight,  that  iB,  5.1  kilu'^^ 

.  MO^ed  in  the  Hiiine  time  113.8  kiW>^  bile  daily.  AgainU\f^- 
I  Dog  4,  secreted  3.03  gnunmes  of  fluid  bile  per  kilogramme  of 
r  Its  weight ;  Dog  7,  4.6  per  kib  ;  Dog  6. 21.6  per  kilo  ;  and  Dog 
I  B,  Sl.d  per  kilo.  This  result  vitiateeall  previous  calculations  as 
I  to  the  amount  of  aecretion  in  man,  bawd  on  the  calculatioua  of 
I  the  relative  weights  between  him  and  t.he  lower  animalB.f 

11.  Exercise  was  always  observed  to  iucr«isae  for  a  time  the 
low  of  bile  from  tJie  flsbiltiua  opeoinga  in  the  di^  a  result  pro- 

l»bly  due  to  the  pressure  upon  the  liver  of  the  contracting 
I  abdominal  muBules,  whereby  its  contents  were  ex|ieUed.  We 
have  previously  seen  (p.  261)  thai  forcible  contraction  of  the 
mnsclee  pressing  upon  the  liver,  may  be  seen  to  cause  a  copious 
How  of  bile  from  the  duct  into  the  duodeuum.^ 

TheM  conclusions  of  the  Committee  are  baaed  on  a  series  of 
ahMTVntiona,  embiHiied  in  SI  valuable  tables,  wltlug  forth  m  a 
form  that  can  l>e  easily  studied,  the  facta  i>l>tniiie<l  during  two 
fOUB,  from  tlie  nine  dogs  iu  which  biliary  tistulo!  had  been 
mada.  It  is  only  justice  to  deckrv  that  scienee  a  uidebted  to 
the  labour  and  persevemnce  of  two  members  of  the  Committee, 
vi«.,  Dr  Wm.  Kutherford  and  Dr  A.  tiamgee,  for  the  phyiriologi- 
cal  and  chemical  ulnervations,  and  for  the  lalxiur  uf  drawing  up 


3.  Excntion  from  th*  Kidnty. 

AnM(tir«a/M>£'i(''Ky-— A  section  through  the  kidneys  ^ewj 
ihal  they  consist  of  a  medullary  and  a  cortical  substance.  The 
(omwr  is  romjioHed  of  tubes  which  may  he  traced  from  tJie 
pelvis  of  the  organ,  diverging  outwards  ;  dividing  dicboto- 
momly,  and  becoming  KmsJIcr  and   smaller.     Tliey  diminisli 

-  Sh  iiopon,  |>  i2i>.  I  ibid.,p.  z3D,-n>bivXXi.  i  li>iii,.  p  isi. 


2s6  EXCRETION  FROM  THE  KIDNEY.  ^ 

from  1.300Ih  to  l.GOOth  of  an  inch  in  diameter.  In  the  larger 
portiou  of  Ihe  tulw,  tbey  are  lined  witli  jwlygonal  nucleated  cells 
compressed  together  (Plate  XIII.  fig,  10),  but  in  their  amaJlu 
portions,  especially  as  they  become  convoluted  in 
subatance,  they  contain  moleciilea  and  nuclei  in  va 
of  development  (Fig.  ]  I),  On  carefully  examiniug  a  aection 
the  cortical  Bubstanue  of  the  kidney,  it  may  be  seen  under  a  nu^ 
nifyiug  power  of  20  diameters  linear,  to  present  the  a]>pearance 
figured  Plate  XIII.  fig.  5,  conaiating  of  the  convoluted  Tul/idi 
vrinifrri  and  Corpora  Malpiijhiaaa.  The  latter  consJHt  of  a 
rounded  muw  of  capillary  blood  vessels,  which  come  off  from 
the  terminal  branches  of  the  renal  artery,  on,  figured  Plate  X.III. 
flg.  8.  From  them  emerges  an  efferent  vessel  which  divides 
and  subdivides  to  form  the  capillary  plexiia  of  the  cortical  eub- 
etauce  (Fig.  6),  and  also  sends  down  branches  to  supply 
tubes  of  the  medullary  xuludauce.  (Fig.  S,  cf.  and  6.)  The 
Malpighian  bodies  are  surrounded  by  a  capsule,  formed  by 
terminal  expausiou  of  the  urinifuroue  tubule,  hs  was  first 
shewn  by  Mr  Bowman  (Fig.  9).  This  relation  of  tlie  vascular 
and  tubular  structures  of  the  organ,  is  well  shewn  in  the  dia- 
, ,  gram  given  bj  Frey  (Plate  XIII.  fig.  6).  A  tnuiaverae  section 
'  of  the  mednllary  near  the  cortic^  portiou,  under  high  powers 
(200  diam.  lin,),  ahewa  the  Malpighian  body  and  its  cai>sule,  the 
tubes  nitli  their  epithelial  liniugB,  the  vessels  surrounding  them, 
and  the  fibrous  stroma  of  the  organ — after  Eckar  (See  Fig,  7). 
The  peculiar  arrangement  aov  deacril^ed,  whereby  an  abrupt 
retardation  in  the  current  of  blood  is  caused  by  tlte  sudden 
divisitm  of  an  artery  iu  a  number  of  minute  bntucheit,  while  tlie 
pressure  remains  constant,  favours  the  ready  [ttissage  uf  wat«r 
from  the  blood  through  the  capillary  walls.  The  water  b 
caught  in  the  funnel-ahaped  eipanaionB  of  the  uriniferous  tubas 
surrounding  the  MaJpighiau  bodies,  flows  thi-oogh  tlie  ductc^ 
.  receiving  aud  dissolving  the  aecretiou  formed  by  the  gland  cells 
^  which  line  them,  and  paasiug  along  tlie  urel^V^  ia  acciimidated 
in  the  urinary  bladder  in  the  form  of  urine  (Plate  IX.  figs.  1, 
16,  and  17).  Ite  expulsion  from  tbeuoe  takes  place  from  time 
to  time  by  an  act  of  volition. 

The  daily  amount  of  urine  discharged  in  a  healthy  person  I 
haa  been  variously  estimated.     According  to  Prout  it  is  3f 
ounces  ;  according  to  Porkes  it  is  52|  ouncea    It  is  of  n 
yellow  colour,  and  slightly  acid  iu  its 
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colours.    The  average  specific  gravity  varies  from  1012  to  1030. 
Its  composition,  according  to  Becquerel,  is  as  follows  : — 


Water. 


.967. 


Urea  14.230 

Uric  acid  468 

Colouring  matter  1.      ^^j^\  10167 

Mocui  and  animal  extractive  matter  1        ^ 


Salts  ...H 


Sulphates {1^^ 

Phoiphatea 


?Lime 

)  Soda  

I  Magnesia 

lAmmonia ' 


8.135 


Chlorides 


( Sodium 

(Potassium    ... 

Hippurate  of  soda , 

^Fluate  of  soda     

Silica traces 


1000.000 


The  proportion  of  these  constituents  varies  considerably,  even 
in  health,  according  to  the  amount  and  quality  of  the  food  and 
drink,  the  occupation,  period  of  life,  sex,  and  other  circumstances. 
In  disease,  the  variations  are  stiU  greater.  The  quantity,  as  a 
whole,  may  be  increased  or  diminished,  and  the  saline  con- 
stituents may  be  so  augmented  as  to  be  deposited  on  cooling, 
causing  the  formation  of  various  salts.  Tlie  urine  may  also  be 
loaded  with  foreign  substances,  as  blood,  albumin,  pus,  sugar, 
&C.  Hence  why  a  careful  examination  of  this  fluid  is  so  im- 
portant to  the  physician,  as  indicating  a  variety  of  morbid  con- 
ditions, not  only  of  the  urinary  organs  themselves,  but  of  the 
constitution  generally. 

The  kidneys,  therefore,  separate — 1st.  A  large  quantity  of  the 
water  which  enters  the  body  as  drink  ;  2d.  Certain  materials 
derived  from  the  primary  digestion  ;  and  3d.  Matters  the  result 
of  the  secondary  digestion,  or  disintegration  of  the  tissues. 

Excr€ti<y)i  of  Nitrogenous  ynatters. — The  principal  object  of  the 
kidney  is  to  separate  two  substances  rich  in  nitrogen  ;  so  that, 
while  the  liver  may  l)e  considered  as  an  organ  excreting  hydro- 
carbon, the  kidneys  must  \ye  regarded  as  organs  which  separate 
nitrogenous  substances.  The  forms  these  assume  are  two,  viz., 
urea  and  uric  acid.  (See  pp.  13  and  14.)  Of  the  former,  600 
grains,  or  about  an  ounce,  are  excreted  by  a  healthy  man  daily, 
and  of  the  latter,  somewhat  more  than  8  grains.     Children 
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between  tliree  and  seven  jears  of  age  excrete  twice  tw  much. 
According  to  Liebig,  when  the  vital  force  in  the  albuminous 
tiasuea  ib  no  longer  able  to  resiat  the  chemical  action  of  the 
oxygen  which  is  conveyed  to  them  in  the  lu^rial  blood,  it  conl' 
bines  with  their  elements,  nnd  forms  products,  itinODg  wj 
uric  acid  ia  the  most  important.  But  if  eufiicient  oxygen 
water  be  conveyed  into  the  arterial  blood,  the  greater  part  of  the 
uric  acid,  or  more  insoluble  ealta,  ia  converted  iuto  itrea  and 
carbonic  acid  ;  ao  that  the  elTcte  nitrogeuised  elemeute  of  the 
tisaues  reach  the  emunctoriee  in  a  soluble  form,  a  condition 
necesaary  for  their  rea<ly  secretion.  Hence  the  more  oxygui 
enters  a  timue  during  its  disiategratioD,  the  more  comjilete  wiU 
be  the  conversion  of  the  insoluble  uric  acid  into  the  soluble 
and  the  more  easy  its  elimination  from  the  body. 

In  thla  manner  is  explained  how  the  urine  of  the  boa-ooi 
strictor  is  semi-aoUd,  conaiating  almost  entirely  of  bi-urate 
ammonia,  as  the  animal  eats  an  enurmoua  meal  of  nitrogeumuf- 
food  ;  but  being  a  cold-blooded,  slawly-reapiring  animal,  it 
in  too  little  oxygen  to  convert  the  uric  acid  into  urea.     On  th*' 
other  hand,  the  lion  and  the  tiger,  equally  carnivoroua  with 
serpent,  ure  rapidly* respiring,  warm-blooded  animala  ;  and 
though,  from  their  violent  muecidar  exertiona,  rapid  and  grett.i 
deatmction  must  occur,  scarcely  a  trace  of  uric  acid  is  found  ' 
their  urine,  oa  it  ia  all  converted  into  urea  at  the  moment  of  i< 
formation,  in  consequence  of  the  abundant  sujiply  of  oxygtOl^'l 
The  non-nitrogenised  elements  of  our  food,  however,  conaider'I 
ably  interfere  with  the  converaion  of  uric  acid  into  urea,  becauM'; 
they  also  combine  with  oxy^u.     Hence,  according  to  Liebig 
man,  being  an  omnivorous  animal,  partakes  of  a  sufiicient 
of  food,  rich  in  carbon,  to  prevent  the  complete 
insoluble  uric  acid  into  soluble  urea  ;  consequently,  the  former 
subatance  appeara  in  the  urine,  ita  proportion  to  urea  l>eing 

Numerous   rcaearches   of    recent   investigators    have   add 
great  information  as  to  the  circumstances  which  increase 
diminish  the  amount  of  tlie  urea  and  uric  acid  excreted, 
principle  of  these  are.  Fowl,  Exercise,  Beason,  and  Disease. 

Food. — The  influence  of  an  animal,  vegetable,  and  mixed  di 
waa  shewn  several  years  ago  by  Lehmann,  from  experimenta 
his  own  person.     The  reaulte  were  ; — 
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DaT. 

Quantity  excreted  in  24  hours  In 
grammes.* 

Solid 
consti- 
tuents. 

67.82 
87.44 
59.24 
41.68 

Urea. 

Uric 
acid. 

Extrac- 
tive mat- 
ters and 
salts. 

Ratio  of 
urea  to 
solid  con- 
stituents. 

On  a  mixed  diet 
On  an  animal  diet 
On  a  vegetable  diet    . 
On  a  non-nitrogenous  diet 

32.498 
53.198 
22.481 
15.408 

1 

1.183 
1.478 
1.021 
0.735 

12.746 

7.312 

19.168 

17.130 

100:116 
100:  63 
100:156 
100:170 

These  conclusions  have,  in  their  main  features,  the  quantities 
varying  somewhat  in  dilTerent  analyses,  been  confirmed  by  all 
experimenters. 

Exercise, — The  views  of  Liebig  led  to  the  supposition  that 
muscular  exertion,  by  causing  waste  of  nitrogenous  tissue,  would 
largely  increase  the  excretion  of  nitrogenous  products  by  the 
kidneys.  The  investigations  of  Ed.  Smith,  Voit,  and  Lehmann, 
however,  shewed  that  this  increase  was  very  trifling.  A  care- 
ful experiment  by  Messrs  Fick  and  Wislicenus  in  1866,  shewed 
that  it  was  diminished  during  their  ascent  of  the  Faulhom,  one 
of  the  Swiss  Alpine  jieaks,  alx>ut  2000  feet  high.  They  took  no 
albuminous  foo<l  for  seventeen  hours  previously,  nor  during  the 
aDoent,  which  occupied  eight  hours,  nor  for  six  hours  after,  their 
diet  consisting  of  biscuits,  starch,  fat,  and  sugar.  The  examina- 
tion of  the  urine  gave  the  following  results. f 


1.  Urine  of  the  night  previous  to  the  ascent — 

a  period  of  12  hours,  .... 

2.  Urine  of  the  period  of  ascent — 8  houn  and 

10  minutes, 

3.  Urine  excreted  for  C  hours  after  the  ascent, 

4.  Urine  of  the  night  following  the  ascent, 

after  a  good  meal  had  been  taken — 10^ 
hours, 


The  average   quantity   of 
nitroflren  excreted  per  hour 
was,  by 

A                                                     _ 

FiCE. 

WiSUCBKUa 

Grammes. 

Grammes. 

0.63 

0.61 

0.41 

0.39 

0.40 

0.40 

0.45 


0.51 


A  gramme  equals  15*434  grains. 


t  LoDd.  PkO,  Mag,,  1806»  pi  485. 
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The  same  couclosions  were  arrived  at  by  Haugliton,  and  byl 
Parkes."  The  lutter  Biibjected  two  aoldiera  to  a  careful  and  p 
longed  Heriee  of  experinieats,  ho  that  there  can  uow  be  do  d 
that  muscular  exertion  does  not  increase  the  excretion  of  n 

Setuon. — Dr  E.  Smithf  fouud  in  himself  that  the  daily  I 
quantity  of  ureu  varied  from  219  to  700  grains,  the  averB((»A 
being  519  grains.  It  wax  iocre,-i«ed  with  dimiuiahed  temperv'l 
ture  and  with  iucreased  atmospheric  pressure.  It  was  greatei  " 
after  the  breakfast  and  tea  meiUa,  and  leuat  during  the  hours  ttm 
the  night  and  early  uioming. 

Diteate. — During  the  progress  of  moat  acute  dueases,  it  may 
be  observed  that  the  urine  bewjuiea  loaded  with  urates,  a  phe- 
nomenon indicative  of  eicreLiou  of  the  exuded  matters.  Hence 
in  Pneumonia,  Pleurisy,  large  akBcesses,  &c.,  it  constitutes  fre- 
<{uently  nn  impoilant  element  of  the  crisis.  It  is  common  iu 
gout  and  rheumatism,  two  diseaaea  in  which  the  uric  aeid  dia- 
thesis prevails,  the  first  cauaed  by  derangement  of  the  primary, 
and  the  last  of  the  secondary  digestion.  A  large  increase  iu 
urates  may  aUu  occur  in  cases,  causing  rapid  emaciation  of  the 
body,  as  in  fever  and  jihthisis,  in  active  dyspepma,  suppression 
of  the  perspiration,  from  blows  and  strains  of  the  loins,  affecting 
the  kidneys,  and  diseases  of  the  geuital  apparatu&  OccnM<xk;J 
ally  uric  acid  may  be  dejioaited  in  an  insoluble  form  1 
kidney  or  bladder,  and  aggregating,  form  a  mass  giving  rif 
calculus.  It  cunstitutea  a  huge  proportion  of  these  formationg, 
even  when  they  are  composed  of  other  ingredients,  the  nuclei 
on  which  they  are  depoailed  being,  in  the  great  majority  of 
CHaes,  fonned  of  uric  ncid.  When  the  kidneys  are  so  diseiMed 
that  their  excretory  functions  are  much  interfered  with,  two 
phenomena  are  apt  to  occur,  viz.,  dropsy  and  accumulation  of 
urea  iu  the  blood.  In  the  first  case,  the  water,  not  escaping  by 
its  natural  channel,  transudes  through  the  blood  veMels,  causing 
auasar/a,  which  often  commences  iu  such  affections,  primarily, 
in  the  face.  In  the  second  case,  nervous  symptoms  are  apt  to 
occur  from  poisoning  of  the  blood,  or,  as  it  ii  generally  called, 
urifmia,  especially  convulsions  and  coma.  The  pathological 
causes  of  thin  have  been  much  diacussed,  but  we  cannot  enter 
into  this  subject  here.f 

In  relation  to  the  tranrformations  producing  urea  and  u  ' 
i.iBOT.  t  ibia.  day  M.  isai 
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acid, — the  vnriooa  views  ndvauced  as  to  the  place  luid  mode 
■ad  origin  of  theee  iiitro(,fuuuB  produt'tB, — we  have  seeu  Ihej 
do  not  result  from  disinte^'atinn  of  the  muscular  tissue,  11s  was 
once  auppoHed,  and  whether  they  are  c^ised  by  changes  in  the 
lirer  (Meiuaner*),  in  the  kidney,  blood,  or  elsewhere,  requires 
further  investigation. 

Etertlion  of  initrganir;  matten. — In  addition  to  urea  and  uric 
add,  which  are  tlie  eicretury  products  of  the  nitrogenoua  com- 
pounds,  the  kidoeya  are  eonstwitly  separating  from  the  blood 
■  large  quantity  of  earthy  fnlts.  These  are  excret«d  to  the 
■moDnt  of  250  to  300  gmina  daily.  Lehmann  found  that  the 
MQMint  mried  in  men  between  13li  to  367  grains,  and  in 
women  between  154  to  294  grains.  The  inorganic  matter  of 
the  nrine  conMsts  of  salts  fonued  by  the  combination  of 
chlorine,  milphuric  and  phosphoric  acidi,  with  soda,  potash, 
tine,  and  magnetiia. 

O.  CAhridfn  if  imiium  and  potatfinm. — Nearly  all  the  chlo- 
rine fuujid  ill  the  urine  is  combined  with  sodium.  According 
to  Hegar,  thu  average  quantity  pained  in  24  hours  is  2621 
grmini.  The  quantity  is  diminished  in  alt  diseases  in  which  an 
exudation  takes  place,  such  as  pueimiouia,  pleurisy,  &c  The 
ajaoout  of  chloride  of  )>otn«Hium  in  the  urine  is  very  smal], 
Tarying  from  15  to  30  grains. 

6.  Sutphata. — Sulphuric  acid  is  found  in  combination  with 
■oda  (Uid  potusli.  Lelunanu  found,  that  with  an  ordinnr}: 
mixed  diet,  i<)5-3  grains  of  sulphates  were  excreted  in  34 
honni ;  after  a  strictly  animal  diet  for  13  days  the  amount 
row  to  ISO'S  grains,  and  aft«r  ilii'  use  of  a  vegetuble  diet  for 
the  same  time  they  fell  to  87'0S>  grains. f  "Hie  adnmustratton 
of  pore  sulphur  increasea  the  Hulphur  (fenstituent)!. 

c  Pko»pkaUt. — The  phosphntii?  salts  found  in  the  urine  are 
b)p  for  the  moat  important  It  lias  been  found  that  from  56  to 
77  grains  of  phosphoric  acid  are  thrown  off  by  the  kidneys  in 
Si  hours,  which  are  united  t<i  the  bases— soda,  ammonia,  lime, 
and  magnesia.  In  healthy  urine  there  are  two  kinds  of  phos- 
phates—alkaline  and  earthy  phosphate*.  The  alkaline  consist 
vt  add  phos|)hate  of  so<la  ;  the  earthy,  of  phosphate  of  lime 
and  phosphate  of  magnesia.     In  decomposing  urine  there  are 
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also  found  the  ammoDiaco-iuagnesiaD  or  triple  phosphate.    The 
acid  phosphate  i>f  soda  is,  according  \a  Liebig,  the  priDcip&l 
cause  of  the  acid  reaction  of  urine.     During  digestion  the  urine 
becomes  alkaline,  from  the  excretion  of  the  alkaline  phosphate 
of  Boda  derived  from  the  f-nod.     Phosphoric  acid  forms,  with 
lime  and  magneaio,  compouudx  termed  taHhg  pho*phata,  which 
are  soluble  only  in  a  slightly  acid  fluid.     Consequently  those 
ialte  do  not  appear  ue  precipitates  in  healthy  urine  ;  but  when 
from  any  cause  the  urea  decomposes  into  carbonate  of  ammonia, 
and  the  urine  is  thus  rendered  alkaline,  they  are  at  once  thrown 
down — the  pbcepbate  of  lime  being  uuchaugeil ;  but  the  a 
mouia  unites  with   the  phosphate  of  magnesia,  and  forma  |9 
precipitate  of  ammoniaco  -  phosphate    of    magnesia,   or   tripbfl 
phosphate,*    The  quantity  of  earthy  phosphates  varies  cond^.l 
derably,  but  the  averse  amount  excreted  in  24  hours  may  btt  ■ 
stated  at  15  grains.    When  healthy  urine  is  diatiUed,  the  a 
munio-phosphate  of  soda  is  formed  by  the  action  of  the  a, 
phosphate  of  »odu  on  the  urea  ;  but  this  salt  does  not  affect  | 
the  acid  reacUon  of  the  urine.t 

Tlie  soluble  phi«phatefl  must  lie  regarded  as  derived  directly  J 
from  the  food,  or  from  the  blood  when  in  the  act  of  forming  t] 
tiwueo.  ^e  insoluble  or  earthy  phosphates,  which  constitute  |J 
part  of  the  structure  of  the  body,  are  conveyed  to  I 
during  the  diiintegration  of  the  tissues,  more  especially  of  t 
brain  and  nervous  system.  The  greater  part,  however,  ill 
__  Med  from  without,  an  it  "JEMsm  considerable  quantity  t&  J 
most  elements  of  food  <Ji  i  ideiCTrom  the  vegetable  kingdon 
in  wheaten  flour,  and  leguminous  seeds,  or  beans  and  peaa.  Tlw  J 
phosphates,  like  the  urates,  then,  are  of  double  origin,  parUffl 
^^g/n-^*^'C''ii '  ytjdyf rom  the  primary  and  partly  from  the  a 
digestion. 

The  iajlv^nce  of  dUttue  on   the  increase  of  the  earthy  phd 
phates  in  urine  'la  of  great  importance,  indicating,  as  it  doe^fl 
serious  functional,  and  frequently  orgTUiic,  mischief.     Of  tl^fl 
former,  the  depression,  both  mental  and  corporeal,  in  old  peopio,  T| 
and  of  the  latter,  the  offects  of  local  injury  to  the  spine  are  ex- 
amples.    On  the  otlier  hand,  when   the  trijile  salt  occurs  in 
small    quantities,  and   is   free   from   phosphate    of    lime,   the 
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amount  of  functiou&l  or  orgiinic  lesion  is  at,  a  miuimum,  as  in 
caaea  of  djapepsin.  In  the  decrepitudi;  of  old  age,  abundant 
depoeits  of  triple  pboefihale  are  common.  lu  henlth,  the  urine 
ia  prevented  (rum  beouming  ammouioczd  fn>m  a  protective  iuflu- 
eace  eieited  on  it  liy  the  mucus  which  linex  the  urinary  paa- 
aages.  But  this  ia  dependent  ou  the  integrity  of  the  spinal 
nerves,  and  of  the  gauglioniu  systeni  connected  with  them. 
Wheu  Uieae  uerves  or  the  spinal  cord  are  injurutl,  so  aa  to  cause 
paralyaia.  large  ifuiuitities  of  the  triple  phosphate  and  of  the 
earthy  salt«  ure  formed,  often  producing  chronic  thickening  of 
the  coata  of  the  bladder. 

The  eAemival  and  hiiUoloffieal  txamination  of  larint  ia  now  of 
the  highest  importjince,  not  only  phyaiologictdly,  but  aa  en- 
abling ua  to  Arrive  at  a  diagnoeis  of  the  ditienaes  uf  the  urinary 
orgauB,  uud  to  determine  the  nature  of  the  treatment.  Thia 
will  be  subsequently  referred  to  at  length.  (S«e  Practical 
PhyRology.) 

4.  Ejrcrttioa  from  the  SHii. 

The  akin  not  only  serves  as  a  very  efficient  protective  covering 
t«  the  body,  but  is  a  muet  importnut  organ,  conatantly  excreting 
watery  and  fatty  matters.  The  epidermis,  hair,  and  vnrioua 
appendagies  which  grow  from  the  surface,  may,  in  addition  to 
the  apecial  pur[>0!<es  tliey  are  Qttfld  for,  also  be  regarded  aa  ex- 
cretioQB,  The  structure  of  ita  various  parts  may  be  noticed 
•eparstvly. 

T^  ^ndermu,  or  scarf  skin,  fnmifl  the  outer  layer  of  the  akin, 
and  oouaiata  of  epidermic  cells,  round  below,  compreaaed  abovti, 
and  flattened  externally  (Plate  XIV.  6g.  4  a).  It  variua  in 
Ihickueaa  in  different  parta  of  the  body,  being  tliin  over  the 
lipa  and  flexures  of  the  jointa,  and  thick  where  it  is  subject  to 
poMBure,  as  on  the  fingers  and  heels.  Ou  making  a  thin 
T«rticaJ  aection  from  without  inwards,  it  is  seen  in  the  loat 
dtnatiuns  to  bo  composed  of  flattened  nucleated  suUea  adhering 
together.  Below  they  are  fuaifonn  (Fig.  4,  A),  and  between  the 
papillte  or  projections  of  the  c|orium,  «ervlug  aa  follicles,  they 
may  1m  seen  in  all  stogeu  of  furm»tion, — moliwules,  nuclei,  and 
cella,  Stc  Aa  thoy  are  pushed  outwards,  they  undergo  a  chemical 
change,  tlie  walla  L>eiug  at  first  soluble,  but  afterwards  insoluble 
'  1  acetic  aciil,  and  undergoing  what  ia  culled  the  horny  trans- 
formation. 
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The  cutis  or  dermit,  also  called  corivm  nr  leather  skin,  conHti- 
tutes  the  deejier  layer  of  the  skis,  ia  cciinpoKed  of  areolar  and 
elastit  fibrous  tissties,  which  vary  id  different  proportionB  in 
various  porta  of  the  surface.  When  great  elasticity  ie  required, 
as  in  the  aiilLt,  the  elastic  tissue  predomiimtea  ;  where  resist- 
Kaix  u  deniaucied,  as  in  the  sole  of  the  foot,  tliere  is  a  dom 
mesh-work  of  areolar  tissue.  It  also  varies  in  thickness  in 
differeot  parts  of  the  surface,  being  thin  and  delicate  over  the 
prepuce  and  eyelids,  and  thick  when  pressure  is  necessary,  as 
on  the  sole  of  the  foot.  It  may  thas  vary  from  0.24  to  2.80 
m.m.  (Uenle).  The  cutis  rests  on  a  layer  of  subcutaneous 
fat  which  gives  symnietrj  and  roundness  to  the  fi^nire ;  ex- 
ternally it  exhibits  a  series  of  ridges  or  projections  called 
papiUee,  which  are  embedded  in  depresaioiiB  of  the  CTitiirle. 
These  vary  in  shape  and  size.  They  are  large,  more  nunierouB 
and  conical  on  the  tongue,  palms  of  the  bands,  and  soles  of  the 
feet,  their  avemge  length  being  l.II^Oth  of  an  inch,  and  breadth 
at  the  base  1.250th  of  an  inch.  Tliey  are  richly  furnished  with 
capillaries  in  the  form  of  loops  derived  from  an  arterial  twig 
from  the  arterial  plexus.  Tile  vascularity  is  greatest  where  the 
ridges  are  most  marked,  and  the  sense  of  touch  beat  developed. 
Hence  the  loops  of  nerves  aiid  bloiwl  vessels  are  more  numerous 
in  the  papilln  of  the  fingers  than  on  the  hack  of  the  hsnd. 
Some  papillfe  are  only  funiinhed  with  blood  vessels,  others  with 
nerves,  and  a  third  kind  with  both.  They  have  l>eeu 
sidered,  therefore,  as  vascular  and  tactile,  the  former 
most  numerous.     (See  Sense  of  Touch.} 

Tie  mdoriferoiu  or  KiBeat  tjlands  lie  at  various  depths 
true  skin.  They  consist  of  a  tube,  blind  and  convoluted  into 
a  biill  nt  its  furthest  extremity,  which  terminatea  externally 
on  the  surface  of  the  cuticle.  The  tube  ia  of  the  same  diameter 
throughout,  about  1. 1700th  of  an  inch,  runs  n  straight  coiirse  is 
the  cerium,  but  on  passing  through  the  epidermis,  becomes  spiral. 
In  the  firet  position,  it  is  formed  cS  a  firm  membrane,  lined  by 
epithelium  ;  in  the  second,  it  has  no  distinct  coat,  the  spiral 
portion  being  a  mere  groove  or  channel  in  the  epidermis,  the 
cells  of  which  are  twisted  in  various  directions  to  form  ita  walla, 
aa  woa  pointed  out  by  It&iney.  These  glands  are  scattered 
abundantly  throughout  the  whole  skin,  but  are  moat  numerous 
in  the  palms  of  the  hands  and  soles  of  the  feet.  In  these  dtua- 
tions,  according  to  Krause,  there  are  2736  in  each  superficial 
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■qoare  inch.  In  the  game  space  on  the  bock  of  the  htuid  there 
are  1500  ;  on  the  forehead  and  neck,  13CH) ;  on  the  breaata,  belly, 
nd  Arms,  1 100 ;  on  the  cheeks  and  thighs,  from  500  to  600  ;  and 
n  the  back,  400,  Wilson  estinmtee  the  number  on  the  palm  of 
of  the  hand  at  3520  per  aquare  inch. 

These  glanja  secrete  the  sweat,  a  wntery  fluid  which  ia  for 
the  moat  part  carried  off  from  the  Siurface  in  the  form  of  vnjxiiir 
ita  faat  ae  it  ia  eeparateil.  When,  from  increased  exertion  or 
other  cause,  the  perspiration  is  augmented  in  quantity,  or  when, 
from  a  greater  degree  of  moisture  in  the  atmosphere,  it  is  not 
readily  evaporAted,  it  becomes  visible  in  the  form  of  minute 
drops,  which  distil  from  the  snrface.  The  fluid  conainta  prin- 
cipally of  water,  holding  iu  suBjiciision  a  few  epithelial  scalea 
and  fatty  particles,  and  in  solution  a  small  quantity  of  the  solta 
of  soda,  potash,  ami  lime,  with  a  trace  of  oxide  of  iron.  Its 
reaction  is  ncid  to  test  paper,  though  it  becomes  alkaline  aft«r 
long  exposure  to  the  air.  In  diseased  coaditioni,  uric  acid, 
grape  sugar,  albumin,  and  biliary  colouring  matters  have  been 
found  iu  it,  and  occaaiouolly  therapeutical  substances  takeu  into 
the  economy,  such  as  beuioic,  succinic,  aud  tartaric  acids,  iodine 
and  iodide  of  potoasium.  Fuuke  pointed  out  that,  during  ex- 
cessive sweatings,  a  larger  amount  of  urea  was  excreted  in  the 
Bweat  tlian  was  generally  suppoBwl, — in  one  experineut  bo 
much  as  6j  grains  iu  one  hour, — so  that  nitrogen  may  be  elimi- 
nated from  the  body  by  thia  channel  to  a  considerable  extent. 
Hie  amount  of  sweat  given  off  daily  varies  greatly — the  msxi- 
mnzo,  according  to  Seguin, being  5  lb.,  and  the  minimum,  I  lb,  11 
oz.  4  dr.  The  average  quantity,  according  to  Talentin,  is  i\  lb. 
The  maximum,  accordiug  to  Funke,  b  much  higher ;  but  little  ia 
positively  known  on  tlijs  subject,  as  various  parts  of  the  surface 
secrete  different  quantities,  and  calculations  made  from  one  part 
and  applied  to  the  entire  skin,  can  only  be  fallacious.  There  is 
an  intimate  relation  between  the  functions  of  the  skin  and  those 
of  the  lungs  and  kidneys. — the  one  being  more  active  when  the 
other  is  depresaed.  Animals,  on  being  covered  with  on  imperme- 
able Tomish  die,  with  all  the  symptoms  of  asphyxia, — the  lungs 
and  right  side  of  heart  become  cougeat«d,  while  till!  lempenturo 
of  tlie  body  rapidly  sinks  30  degrees.  Agniu,  skin  diseases,  and 
especially  febrile  eruptions,  materially  affect  the  kidney,  and 
thereby  give  rise  to  secondary  dropnei.  The  exhalation  from 
the  akin,  also,  is  influenced  through  the  utrvoat  system,  being 
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increased  bj  fear  and  terror,  ami  diminished  by  anger  and  ex- 
citement. It  is  increased  by  depreaaing  causeB,  eshaustion,  and' 
diseases,  as  well  aa  drugs,  wliich  weaken  the  action  of  the  heart. 

The  most  important  investigation  in  recent  times  as  to  the 
secretion  of  sweat,  ia  that  undertaken  by  Dr  Weyrich  of  Dorpat.* 
His  object  was  to  determine  the  average  and  relative  amount 
of  the  cutaneous  ti^nspiration  from  various  regions  of  the  skin, 
1st,  in  healthy  adults,  imder  ordinary  conditions  ;  and  2d,  tlie< 
voriatious  in  this  average  produced  by  external  and  intemat- 
cauaes.  He  employed  an  inBtrument  similar  to  Caniell'a  con.* 
densing  hygromel«r.  The  esperiueDta  continued  over  a  yeai^' 
and  a  half,  and  were  made  upon  himself.  The  i-eaults  wei*. 
aa  follows  :  SwMon  of  the  year. — It  ia  generally  supposed  that' 
leas  fluid  ia  eliminated  by  the  skin  in  cold  than  in  warm  weather, 
but  in  those  wlio  follow  indoor  otNmpations,  Weyrich  found  thkff\ 
season  exercised  little  mfluence.  Variation*  in  the  praivre 
the  air  produced  little  influence.  Perspiration,  however,  it 
favoured  by  a  bright  serene  akj,  and  diminiahed  in  sullen, 
cast  days.  Temperature,  if  increased  or  dimtutslied,  cauaea  a, 
corresponding  increase  or  diniiuution  in  the  amount  of  the  pep. 
apiration.  Period  of  the  da;). — It  is  more  active  in  the  morning 
and  at  aoou.  During  the  night  it  is  20  per  cent,  less  than  ia 
the  day.  Food  increases  the  perspiration,  which  is  always  au^ 
mented  after  every  meal.  Tea,  coffee,  and  alcoholic  liquids,' 
greatly  increase  it,  even  to  double  the  fasting  average.  Exereitt 
of  body  always  increasea  the  perspiration,  sometimes  more  than 
double  the  mean  amount  Mental  exhaustion  or  depreaaon 
causes  a  diminution.  J  miutard  poultice  causes  a  local  rise  of 
67  per  cent.  Snoie  or  ice  cauaefi  a  fall  of  51  per  cent.,  but  on  re- 
actioD  induces  a  rise  of  16  per  cent  Fristion  mth  tcarm  oU 
causes  a  rise  of  27  per  cent  Friction  mth  a  mft  briuh  for  Jit9 
miniUes  causes  an  increase  of  tji)  per  cent 

The  Sebaceout  ^nih  are  fonnd  in  most  parte  of  the  skin,  but 
are  abaent  from  the  palms  of  the  hands  and  soles  of  the  feet 
They  are  most  abumlant  on  the  acalp  and  face  (especially  about 
the  nose),  the  anus  and  scrotum.  The  glandalie  odorifera:  of 
the  genital  organs,  and  the  eeruviinout  gland»  of  the  ears,  are 
varieties  of  them.  The  orificea  open  sometimes  directly  on  tba 
surface  {Plate  XIV.  fig.  5),  but  more  commonly  into  the  folliclea 
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of  the  hair  (Figs.  1  and  2),  Tliey  vary  in  size,  in  some  places 
oouBiating  of  u  simple  tubula,r  follicle,  in  others,  of  a  Bmall  sac, 
which  occaaionnUy  is  lobulated  (Plate  XIV.  Bg.  5). 

These  glands  secrete  an  oily  fluid,  which  is  soiuetimes  semi- 
Milid,  uid  approaches  the  character  of  wax.  Poured  upon  the 
anifkce  of  the  skin,  or  lubricating  the  huir,  it  preventa  tbege 
texturea  from  being  dried  and  cracked  by  the  action  of  the  sua 
luid  air.  Hence  it  is  more  abundant  in  the  races  which  inhabit 
warm  climatai.  Id  these,  and  many  of  the  lower  animals,  the 
sebaceous  matter  poBseaaes  a  distinctive  odour,  whereby  they 
can  readily  be  traced  by  quick-sceuted  dog«.  Generally  speak- 
ing, the  oily  mutter  eicreled  from  the  skin  is  conveyed  directly 
to  the  surface  of  the  hairs  or  other  epidennic  Hppendsges  in  those 
p&rta  of  the  integument  which  are  supplied  by  them  (Plate  XIV. 
figs.  1  uid  S). 

Thx  colour  <f  the  itin  was  formerly  supposed  to  exist  in  a  dis- 
tinct merabrane  called  the  rtle  murosum,  situated  between  the 
epidermis  and  corium.  It  is  now  known  to  depend  on  the  de- 
positioa  of  pigment  in  the  lower  cells  of  the  epidermis,  or  those 
nearest  the  blood  vessels,  and  to  bo  influenced  by  the  general 
laws  which  regulaCu  the  form.ttion  of  pigment  in  the  animal 
aud  vegetable  worlds.    (See  Pigmentary  Principles,  p.  30.) 

Hair. — A  hair  conaista  of  a  shaft  and  root ;  the  former  is 
that  portiou  which  projects  beyond  the  surface,  the  root  is  that 
which  is  enclosed  withtn  a  follicle  fixed  in  the  corium  (Plate 
XrV.  figs.  1,2,  and  3). 

W*  Mhaft  of  the  hair  consists  of  epidermic  cells  compressed 
and  aggregated  together,  aud  presents  different  appcaranceo  in 
various  kinds  of  hair.  Sometimes  it  is  wholly  cellular  (Plate 
XIV.  fig.  24),  at  others  wholly  fibrous  ( Fig.  25),  aud  occasionally 
fibro-eellnlar,  in  varied  proportions.  Human  hair  is  generally 
solid  ani]  fibrous,  sometimes  having  imbricated  scales  on  ite 
exterior  (Fig.  7)  ;  at  others,  a  central  medulla,  the  cells  in  which 
are  more  or  less  loaded  with  pigment  (Figs.  3,  m,  and  8).  Great 
variation  eiiste  in  the  stmcture  of  the  shafts  in  the  hair  of  dif- 
ferent manunalia,  several  of  which  are  given  Plate  XIV.  figs.  7 
to  25.  The  principal  facts  to  be  noticed  are  the  increased  imbri- 
cation and  roughness  of  the  extemnl  scales  in  the  hair  of  the 
Indian  bat  (Fig.  14),  and  iu  the  wool  of  slieep  (Fig  IB) ;  the 
atmospheric  air  contained  in  celbi  of  the  Imir  in  an  Indian 
monkey  (Rg.  U),  lemur  (Fig.  13),  kangaroo  (Pig.  18),  rabbit 
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(Figs.  20, 21),  mouse  (Fig&  22,  23),  nrniadillo  (Fig.  23),  (ind  musk 
(leer  (Fig.  84) ;  the  fibro-oellular  atnicture  of  the  polar  bear 
(Fig.  15)  ;  the  peculiar  fona  of  hair  in  the  onjithorynuhus,  &c. 
A  koowledge  of  these  facts  hns  proved  of  the  highest  ilnportanco 
in  medical  jurisprudeQce.  When  a  hair  ia  allowed  to  grow,  it 
tapers  towards  a  point,  and  then  splits  up  into  fibres  like  » 
painter's  brush,  which  become  brittle,  and  break  off.  The  oily 
and  aebaceoita  matter  which  nature  furnishea  to  lubricate  thia 
structure  keeps  them  soft,  nnd  prevents  such  disintegratii 
hence,  also,  the  uae  of  oil  and  unguents  for  the  hair. 

The  root  of  the  hair  is  a  very  complicated  structure,  consisting 
of  an  inversioD  of  the  epidermis,  and  various  layers  of  cells 
(Plate  XIV.  fig.  14).  At  the  base  of  the  follicle  is  a  papilla, 
into  the  interior  of  which  a  blood  vessel  enters,  that  divides 
into  capillary  loops,  and  from  which  nutritive  matter  is 
supplied  to  the  growing  textnre.  Immediately  outside  this,  ia 
a  masa  of  moleculea,  which  are  transformed  into  cells,  and 
these,  being  pushed  forward,  become  fusiform,  then  aplit  into 
fibres,  or  arrange  themselves  so  as  to  constitute  the  substance  of 
the  follicle  or  of  the  shaft  (Fig.  3,  g,  h,  and  J).  Exterior  to  the 
root,  and  snrroundbg  the  bulb,  is  a  dense  plexus  of  capillaty 
blood  vessels  ;  and  occasionally  there  are  oblique  fibres  of  or- 
ganic muscular  fibres  attached  to  the  bulb,  the  areetora 
pilorum.  The  whole  is  firmly  fixed  in  ita  situation  by  the 
fibrous  interlace meirts  of  the  dermoid  fibrous  tissue,  assisted  by 
the  swollen  liuHxms  enlargements  of  tlie  root  itself.  When, 
owing  to  deficient  vascularity  or  nutritive  power,  the  growth 
is  dimiuished  or  arrested,  the  bulbous  enlargement  slirinks,  be- 
comea  pointed,  and  the  root  of  the  hair  falls  out,  and  ia  not  re- 
stored, constituting  baldness. 

The  colour  of  the  huir  de[>ends  upon  the  presence  of  pigment 
secreted  within  the  cells  of  the  follicle.  Well-authenticated 
instances  of  hair  turning  white  in  a  short  period,  from  excessive 
grief  or  anxiety,  are  known.  According  to  Vauquelin,  this  ia 
owing  to  the  secretion  of  an  acid  fluid,  which  pei-oolates  the 
hair,  and  chemically  deatroya  the  colouring  matter. 

The  namber  of  the  hairs  in  a  given  space  ia  very  various  ia 
different  parts  of  the  body.  Uenle,  quoting  Withof,  states  that 
in  a  quarter  of  a  square  inch  there  were  in  a  moderately  hairy 
man,  203  on  the  crown  of  the  head,  226  on  the  back  of  the  head, 
211  on  the  frontal  region,  39  on  the  chin,  34  on  the  oupubU,  23  on 
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the  forearm,  1 9  on  the  back  of  the  Land,  iind  13  upon  the  anterior 
part  of  the  thigh. 

Uyifromtlrie  property  of  hair. — Hnir,  when  dry,  readily  at- 
tracts moisture  from  tbo  atmiMphere  on  the  one  hand,  and 
from  the  body  mi  the  other,  and  is  thus  an  active  agent  in  the 
process  of  imbibition.  When  moist,  they  elongate  considerably ; 
a  property  which  has  rendered  hair,  oa  was  first  jtointed  out  by 
SauBBUre,  valuable  in  the  constraction  of  hygrometric  instru- 
ments.   When  dry  and  warm,  they  are  easily  rendered  electrical. 

Chtmioal  eompotitioii  of  hair. — After  maceration  in  cold  nitric 
acid,halr,  like  bom,  is  soluble  in  boiling  water,  and  the  solution, 
after  evaporation,  bocomea  a  gelatinous  taaaa  on  cooling.  Homy 
matter  ia  diatinguiahable  from  coagulated  albumin  or  fibrin  by 
its  being  readily  soluble  in  caustic  fixed  alkalies,  bat  not  in 
cauBtic  ammonia.  The  aahes  of  hair,  according  to  Vanqnelin, 
amount  to  one-half  per  cent,  of  its  weight,  and  contain  oxide  of 
iron,  a  trace  of  oxide  of  mauganese,  of  sulphate,  phosphate  an<l 
carbonate  of  lime  and  silica.  Uiack  hair  contains  most  iron, 
and  light  hair  least. 

The  nails,  like  hairs,  grow  from  an  inversion  of  the  epidermis 
at  their  roots,  constituting  a  follicle,  richly  supplleil  with  blood 
vessels,  which  pour  out  a  fluid  which  becomes  first  molecular, 
then  cvUular,  and  lastly,  fiat  and  condenseil  to  form  a  homy 
plate  (Plat«  XIV.  fig.  6).  They  give  support  to  the  extremities 
uf  the  fingers  and  toes,  and  thereby  minister  to  the  sense  of  touch. 

In  the  various  classea  of  Anim&ls,  the  epidermic  appendages 
weave  the  purposes  of  warmth,  of  defence,  or  as  aids  to  the  sense 
of  touch  ;  and  the  modifications  tliey  undergo, — aa  seen  in  bom, 
whalebone,  the  quills  of  the  porcupine,  the  feathcra  of  birds,  the 
scales  of  fishes,  the  wing-cases  and  spines  of  insects,  &c., — embrace 
a  singular  variety  of  form,  constituted  of  the  some  structure. 

Alti/rption  by  the  ikin.—li  liao  been  doubted  whether  tho 
aldn  covered  with  its  epidermis  ia  capable  of  absorbing  fluids. 
This  point  was  decided  in  the  affirmative  by  Dr  Madden,  in 
1837.  He  found  eiperimuntiiUy — every  precaution  being  taken 
— that  there  was  absorbed  through  the  skin  during  half  an 
hour  the  l>ody  rested  in  a  buth,  03  grains  of  fluid.  This  han 
been  sup|Kised  to  result  from  mere  imbibition  of  the  water  into 
the  Hterual  epidermic  cells,  although  the  statement  of  rfiip- 
wPBched  sailors,  that  immeraiun  of  the  body  even  in  sea-water 
allays  thirst,  points  to  the  possibility  of  water,  under  certain 
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circumstauces,  thus  pasaing  into  tbe  Llood.     Solid  aubstancea 
can  only  be  aljsorbed  by  mixing  them  with  fiome  greasy  materiiil 
and  Jiaing  friction,  when   mercury,  potaHaio-tartrate   of   anti- 
mony, and  other  subxtauces  may  be  made  to  enter  the  economy, 
and  produce  their  peculiar  phyaiological  effects,  mich  as  saliva- 
tion, vomiting,  &C.     iFriction  causes  the  unguent  to  enter  the 
flebaceouB  and  sudoriparoiia  duct«,  from  whidi  they  at 
rapidly  ubaorbed  than  through  the  epidermis.     Inoculation  of 
poisons  can  only  be  effected  wLeu  this  external  membrane  has 
been  penetrated,  and  communication  with  the  capillaries  of  the 
cutis  established.     The  notion  that  nutrition  can  be  increasetl    ^ 
by  smearing  the  surface  with   oil  is  altogether  erroneous,  aa,    . 
even  could  tat  be  introduced  into  the  blood  by  this  channel,  it   ] 
could  not,  without  the  process  of  chylification,  assist  the  histo- 
genesis of  that  fiuid. 

On  the  whole,  the  epidermis  is  a  vei^  sufficient  protection  to 
the  body,  and  the  roost  deadly  poisons  do  not  readily  penetrate 
it.  Fuitlier,  while  dueldiiig  the  tactile  organs,  it  admita  of 
impressions  being  conveyed  to  them  with  nicety  and  truth. 
Xiooking  also  at  the  number  of  glands  existing  in  the  dermis, 
and  itfi  great  vascularity,  we  rendily  see  how  extensive  lesions  of, 
and  diseases  in,  this  important  organ,  such  as  from  scalds, 
bnms,  or  exanthematous  and  pustular  eroptions,  are  so  fatal 
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We  have  seen  that  the  solid  nutritive  matter  received  M 
food  daily  ought  to  amount  to  30  ox.  i  of  these,  25  oz.  ara 
absorbed,  and  only  6  oz.  rejected  daily  from  the  intestines. 
In  prisoners  fed  upon  a  full  diet  with  brown  bread,  the  average 
eicreted  amounted,  according  to  the  experiments  of  Smith  and 
Milner,  to  6'5G  oz.  These  consist  of  certain  parts  of  the  food 
which  have  escaped  the  digestive  process,  of  a  viscous  mucus, 
and  of  various  secretions  which  have  been  poured  into  the 
alimentary  canal  during  its  passage.  Tliere  are  also  numerous 
crystals  of  triple  phosphate,  shewing  that  earthy  matters  are 
excret«d  in  large  quantities  by  this  channel.  In  the  largo 
intestine,  and  especially  in  the  cuK^um,  a  further  chemical 
change  is  effected,  In  the  latter  situation  the  peculiar  f^cal  ' 
odour  is  first  produced,  owing,  it  is  supposed,  to  the  secretion 
of  auacid  liquid  there,  causing  another  kind  of  digestion.     Hero    ' 
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also  the  fieces  assume  solidity,  which  increases  more  and  more 
as  they  approach  the  rectum. 

Hittr^ogiad  itraetare  of  facet. — The  microerope  enables  iia  to 
detect  in  ftecea  the  cell  wnJls  of  vegetable  aubatancea,  the  pulpy 
contents  of  which  have  been  extracted  ;  spiral  and  other  ducts 
of  plants ;  the  epidemiia  of  seeds,  fruit,  and  barks ;  entire 
granulea  of  starch  and  chlorophyie  granules,  which  Lave  escaped 
the  action  of  the  teeth  and  solvent  properties  of  the  stomach  ; 
portioua  of  tendon,  ligament,  elastic  tissue,  cartilage,  even  of 
mnacDlor  fasiculi,  and  various  other  elements  of  the  food  in  a 
fragmentary  condition,  which,  from  different  causes,  have  re- 
UUuned  undij^ested.  Various  forms  of  fatty  matter,  including 
adipose  tissue  and  crystals  of  cholestsrine,  are  not  uncommon. 
Among  the  matters  derived  from  the  alimentary  canal  itself, 
may  be  mentioned  the  brown  colouring  matter  of  the  bite  ; 
epithelium  cells,  youug  and  old,  and  various  saline  matters, 
comititutiug  either  amorphous  deposits  or  presenting  well- 
formed  crystals,  especially  those  of  the  ammoniaco-magnesian 
pboephate.  further,  there  may  exist  n.11  the  different  products 
of  diseased  action,  such  as  blood,  pus,  lymph,  cancer,  &&, 
together  with  various  kinds  of  vegetable  and  animal  paraaites. 
All  these  substnitoeo  may  be  lacerated,  more  or  less  digested, 
acted  OU  and  altered  by  various  agents,  and  disintegrated  in 
various  ways.  Yet  their  detection  by  the  practical  physician 
is  frequently  not  only  of  importance  in  determining  the  nature 
of  many  important  morbid  states,  but  has  frequently  led  to  a 
curative  treatment  after  numerous  remedies  had  previously 
failed. 

Chanifal    composition,   if  fasca,  —  According    1 
human   ftecea  of   consistence   to   form   an   ndherent   1 
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Matters  soluble  J  Albumin  0" 

in  water  J  Peculiar  extractive       2' 

fSnIta      .  .  1- 

Insoluble  residue  of  the  food 

Insoluble  matters  added  in  the  intostinal 
canal — mucua,  biliary  resin,  fat,  and  a 
peculiar  animal  matter  . 


372      EXCRETION  FROM  THE  INTESTINES. 

The  aaliee  of  human  ixcea,  nccurdiiig  to  Endei'liii,  are  com- 
pOHed  of — 

Chloride  of  Mdium  and  alkaline  sulphate  I'367 

Tribaaic  phosphate  of  soda         .            .  2'633 
Phosphate  of  lime  and    phosphate  of 

raagnoBia          ....  8r372 

Phosphate  of  iron            .            .  2'09l 

Sulphate  of  lime  ■            .            .            .  4'5()4 

Silica        .....  7'!)73 

100-000 
The  potash  generally  predorainatea  over  the  aoda,  eBpecially 
when  the  diet  contains  much  flesh.  The  reaction  of  fiecea  it 
usually  acid,  although  HOmetitneB  neutral  or  alkaline.  Accord- 
ing to  Uorcet,  healthy  human  excrement  oontoina  a  peculiar 
eubstance,  ctystalising  in  acicular,  silky,  four-sided  prisms, 
commonly  grouped  in  stellffi,  containing  sulphur,  and  having  a 
compoeition  exjireBsed  by  the  formula  Cn,  Erg,  Si,  Oj.  Thia 
he  calls  Eo'eretint.  Dr  Austin  Flint  has  also  obtained  n  sub- 
stance, which  results  from  the  decomposition  of  cholesterine, 
-which  he  has  named  Slerci/riae.  The  experiments  of  Smith  and 
Milner  shewed  that  41'8  grains  of  nitrogen  are  daily  eliminated 
from  the  body  In  fwcal  discharges.  According  to  Plauer,  also, 
the  gases  in  the  intestines  of  dogs  contained  no  oxygen,  but  in 
the  small  intestine  great  quantities  of  carbonic  acid  and  hydro- 
gen, whatever  y/au  the  food  ;  while  in  the  large  intestine, 
carbonic  acid  and  sulphuretted  hydrogen  arc  present.  In  the 
human  large  intestine,  Buge  foiin<l  the  gases  to  consist  of  nitro- 
gen, which  preponderated  after  the  use  of  a  flesh  ;  of  hydrogen 
after  a  milk ;  and  of  carburetted  hydrogen  after  a  vegetable 
diet 

The  coloration  of  the  fxees  by  hUe. — The  normal  colonr  of 
fmcea  is  that  of  a  dark  yellow  brown.  .  It  undergoes  great 
variations  in  this  respect,  according  to  the  amount  of  bilirubin 
present.  In  cases  where  the  bile  is  prevented  from  paesiug  into 
the  duodenum,  ftecal  matters  become  white  or  clay  coloured. 
Medical  practitioners  have  long  been  in  the  habit  of  consider- 
ing the  appearance  of  the  alvine  evacuations  as  giving  evidence 
of  the  amount  of  bile  secreted  from  the  liver,  and  have  ima- 
gined that  remedies  which  cause  evacuations  of  unchanged  bile 
in  the  stools  have  done  bo  by  stimulating  the  liver  to  increased 
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secretion.  It  lias  dow  been  proved,  bowet-er,  that  ii)ercur7, 
taraxacum,  and  podophyllin  linve  no  stimulating  action  on  tliat 
organ,  and  never  increase  the  amount  of  bile  secreted.  (See 
Experim^Dts  of  the  Eiliubnrgli  Committee,  p.  2S4.)  All  pur- 
gatives, howerer,  by  propelling  the  liie  poureil  into  the  upper 
part  of  the  intestinal  tube  rapidly  through  its  ■whole  extent,  __ 

prevent  ita(abeorption  ar  pecompoBitToujinto  the  Bystem,  and  of    yi»*»V 
contse  augment  ila  quantity  in  tlie  alvine  discharges.    Accord-  J^H 

ing  to  Voit,  about  170  grains  of  the  biliary  acids  are  secreted  ^^H 

daily  by  the  human  liver ;  while,  according  to  Bischoff  jun.,         ^^H 

only  45  gruins  are  discharged  iu  the  fsces  :  so  that  1 25  grains  ^^^| 

disappear  daring  their  [Mkasaga   through   the  intestinal   tube,  ^^^| 

Hitherto  medical  men  have  tnken  no  pains  to  appreciate  the  ^^^| 

amount  of  bile  pigmentH  or  bile  acids  which  are  excreted  daily  ^^^| 

from  the  economy  ;  and  such  in  the  difficulty  of  the  inquiry  ^^^| 
chemicaily,  that  it  is  very  doubtful,  in  the  present  elate  of  ^^H 

Kumce,  if  it  could  be  accomplished.    The  fact,  therefore,  de-  ^^H 

moiistrat«d  by  the  Ediobui^h  Committee,  that  certain  power-  ^^^| 

fnl  drugs  BUppoeeil  to  act  upon  the  liver  have  no  such  Ht;tioa  ;  ^^H 

tuid  that  mercurial  and  other  purgatives,  while  they  may  in-  ^^^| 
crease  the  amount  of  unchanged  bile  in  the  stoola,  produce — with  ^^H 

starvation,  poisoning,  and  all   depressing  causes — diminution  ^^^H 

and  not  augmentation,  of  the  hepatic  secretion,  is  of  the  greatest  ^^H 

importance.  ^^H 

Tht  pacidiar  odour  of  feece*. — ^Considerable  discussion  has  ^^H 

taken  place  whether  the  cliaroctaristic  odour  of  fa-'ces  is  owing  ^^H 

to  the  decompositiou  of  bile,  or  to  a  peculiar  secretion.    Valcn-  ^^H 

tin  is  of  the  former  opinion.     If  so,  does  it  result  from  some  ^^^| 

chemical  combination  of  sulphur,  or  from  decomposition  of  the  ^^^| 

entire  undigested  residue  of  the  food  ?    On  these  points  little  is  ^^H 

known.    On  the  other  hand,  the  most  offensive  discharges  often  ^^H 

occur  where  little  food  is  taken,  and  even  where  there  has  been  ^^^| 

starvation,  xs  iu  the  coltiqaalivt  diarr/iira  of  exhausting  dis-  ^^^^| 

eases.     Liebig  also  produced  artificial  fieces  by  acting  on  the  ^^^| 

albuminona  and  gelatinous  compounds,— li ret  with  hydrate  of  ^^^H 

potash,  and  then  with  sulphuric  acid,  which  distilled,  yields  a  ^^^| 
liquid  liaving  the  distinct  and  peculiar  odour  of  human  fiEces.  ^^H 

True  ficcal  matter,  therefore,  according  to  him,  is  the  product  ^^H 

of  the  imperfect  oxidation  which  a  portion  of  the  histogenetic  y  ^^^| 
constituents  of  the  food  undergo^ in  the  course  of  their  retro-  w'^^| 
grade  metamorpboeis.    Th.it  it  is  not  putrefaction  or  decompo-  A      ^^H 
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sitioD,  seems  ajeo  to  b«  shewn  b;  the  circumBtaace  that  tba  I 
odour  is  peculiar,  ajid  unlike  that  of  putrefactiou  or  fermeuta-  \ 
tion  in  azotiaed  or  uoQ-ozotiBeil  bodies. 

Jiefacation.. — The  process  by  which  the  f«oes  ate  expelled  ii 
partlj  voluntary,  partly  excito-motory.    The  wi]l  ia  exercised  1 
upon  the  ahdonuDal  and  sphincter  muaclea,  whereby  the  former  ' 
are  contracted,  and  the  latter  relaxed.     Theae  movements  are 
aasociated  with  others, — auch  aa  the  cloaiire  of  the  glottis,  the 
fixation  of  the  diaphragm,  and  tile  contraction  of  the  rectum, 
causing  a  bearing  down  action,  which  ia  exerted  in  expelling 
the  matters  contained  in  the  lower  portion  of  the  bowel.     The  . 
meohanism  of  these  combined  movementa,  however,  can  only  I 
be  understood  by  reference   to  what  haa  aubaequently  to  b«  I 
deacriljed  under  the  head  of  Eicito-motory  Actions  (which  I 

Derangements  in  de/iFcation. — These  are  of  various  kinds,  c 
stitutiug  corulipation  from  various  causes — diarrhora,  tenesmia,  I 
di/ientert/,  limCeria,  and  an  uiiuatiiral  appearance  of  the  fiecefl   j 
themselves.     There  may  be  a  mechanical  obstruction  in  the    I 
alimentary  ca:ia.l  of  various  kinds.    This  nmy  cause  an  inverted  1 
peristaltic  action  in  the  tube,  and  the  faeces  may  be  foi-ced  back    \ 
intA  the  atomach,  and  vomited.     This  is  ileia,  or  the  iliae  f 
tion.     The  obstruction  may  also  arise  from  the  impactiou  ot    I 
calculi  of  various  kinds.    One  of  these,  composed  of  aggregated 
portions  of  the  earyoptit  of  the  oat,  ia  still  common  in  boraee, 
and  used  to  prevail  largely  in  Scotland,  where  oatmeal  ia  con- 
sumed as  food.    The  University  of  Edinburgh  possesses  tlie 
largest  collection  of  these  calculi  extant,  formed  by  the  second 
Monro.    Similar  concretions  are  found  in  cuttle,  deer,  goats,  . 
&c.,  formed  of  straw,  or  the  liair  licked  from  their  skins.* 
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B  Excretory  PnocEss. 


The  amount  of  excretory  matters  separated  in  the  ways  pro*  I 
viously  described,  may  be  estimated  as  follows  : — Of  carbonic  J 
acid  there  are  given  olf  atiout  two  pounds,  nriniirMi  fiilr  feet,  oil 
which  an  ounce  and  a  half  may  be  separated  by  nie  skin.  Of| 
wattT  there  ia  about  six  pounds  separated,  one  half  by  the  u; 
and  fiDces,  and  the  other  half  by  the  lungs  and  skiu.     The  llrins  n 

•  aes  thD  Autliar*!  Cllniul  MKlldne,  GU>  edllion,  p.  ISO,  d  ng. 


OF  THE  EXCRETORY  PROCESS. 


=75 


timea  aa  mucb  aa  the  fteces  ;  and  the  skin  gives  off 
twice  as  much  .is  the  luugs,  or  somewhat  more.  As  it  is  calcu- 
lated that  oiilj  five  jjouudfl  of  water  paaa  into  the  body  mixwi 
with  the  food,  the  ejctrs  pouud  is  euppoaed  to  be  formed  in  the 
sjrstem  by  the  imioD  of  oxygen  with  the  hydrogen  of  the  tissiiea. 
Of  area,  about  500  gi-nins  are  separated  in  the  urine  daily  of  an 
adult  man,  together  witii  from  secen  to  ten  grains  of  uric  add. 
It  is  by  these  substauces,  which  contain  about  fifty  per  cent,  of 
nitrogen,  that  tlie  axote  which  enters  the  body  is  almost  alto- 
gether separated  from  it.  The  earthy  sidts  paaa  out  in  minute 
quantity  dissolved  in  the  sweat,  and  are  given  off  more  loi^gely 
by  the  urine,  which  contains  daily  four  drachms  and  a  h&if  of 
chloride  of  so^lium,  four  drachms  of  sulphate  of  soda  and  potash, 
two  drachma  of  acid  phosphate  af  soda,  and  about  15  grains 
of  phosphate  of  lime  and  magnesia.  In  the  freces  other  four  or 
six  diaohms  of  mineral  matter  may  be  passed  daily,  the  chief 
portion  of  which  is  derived  from  the  residue  of  the  food. 
Beudea  the  subatances  named,  a  certain  quiuitity  of  fatty, 
oolouring,  extractive,  and  other  matters  are  excreted,  the 
amount  of  which  las  not  been  yet  estimated. 

In  this  way,  the  albuminous,  fatty,  and  mineral  ingrt^dients 
of  the  food,  after  having  entered  the  body  to  fbrm  blood,  and 
through  it  to  build  up  tissue,  are  ultimately  ejected  from  the 
eocMwmy,  after  having  undergone  n  series  of  biatogenetic  and 
biatolytic  molecular  changes,  and  been  metamorphosed  by 
cbeniioal,  mechanical,  and  vital  agencies.  The  mode  in  whieli 
this  is  accomplished  is  now  tolerably  well  known.  Doubtleaa 
Beveiwl  points  have  yet  to  be  dotermiueil,  and  numerous  detmla 
require  investigation.  But  the  great  function  of  nutrition,  as 
I  have  now  placed  it  before  you,  may  be  said  to  be  established 
in  science.  In  the  same  manner  that  the  chcmistj  following 
Dnmaa,  recognises  in  nature  at  large  the  exchanges  which  are 
constantly  going  on  between  the  nuoeral.  the  vegetable,  and 
the  animal  worlds — the  earth  nnil  air  building  up  vegetablets, 
these  bailding  up  animals,  and  these  on  their  decomposition 
being  again  restored  to  earth  and  air, — so  does  the  iihysiologist 
in  ea«Ii  animated  creature  trace  the  food  through  its  ehangea 
until  it  is  converted  into  tissue,  has  enjoyed  life  for  a  time,  and 
is  then  decomposed,  returning,  though  in  an  altered  form,  to 
the  external  world  from  whence  it  came. 

The  moleeular  law  of  development,  formerly  described  {see 


376  ABNORMAL  NUTRITION. 

pp.  54, 08),  u  Bmgularlj  well  iJliiHtrated  bj  the  function  of  uutii* 
tiua  tis  now  explaiiiied.  Food  consisting  of  well  formed  org&nio; 
mattar,  auiiniil  und  vegetable,  is  disintegmted  by  the  primary 
digestion.  The  histoljtic  moluculea  ao  produced  become  histo- 
geuetic  ones,  and  build  up  tlie  blood  corDyacles.  These 
turn  disintegrated  aud  dissolved  fajibhn  the  liquor  aangumii^ 
but  once  more  other  molecules  are  obtained  from  it  to  keep  up 
the  growth  of  the  tisauee,  whether  nutritive  or  secretory.  The 
Liatogenetic  moleculea  so  produced  axe  again  rendered  hiato- 
Jytic  by  the  secondary  digestion,  anil,  circulating  in  the  blood, 
undergo  various  combinations  before  being  excreted  from  ths 
economy.  In  this  manner  the  great  function  of  nutiitiou  im 
shewn  to  be  essential ly  molecular. 

Further,  we  cannot  avoid  observing  that  the  process  of  nutri- 
tion is  a.  continuous  round,  which,  in  the  natural  world,  may  be 
said  to  commeuce  witli  the  reception,  aud  terminate  with  the 
preparation  of  ali  me  at,  vegetable  or  animal,  and  that  this  is 
observable  not  only  iu  the"  chemical  balance  of  organic  nature," 
so  beautifully  described  by  Dumas,  but  in  the  incessant  chemi- 
cal compositions  and  decompositions,  as  well  as  structural  f  oi^ 
mationa  and  disintegrations,  which  are  peculiar  to  all 
entities.  If  so,  it  must  be  apparent  that  our  knowledge  of  the 
animal  economy,  and  of  the  diseases  to  which  it  is  liable, 
only  be  elucidated  by  investigating  the  nature  of  such  chemical 
and  structural  changes,  together  with  the  necessary  relatioiu 
that  each  one  bears  to  the  others,  aud  that  it  is  on  such  kind  of 
knowledge  alone  that  medicine,  as  a  scieutific  art,  ca 
pofle  in  security. 
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The  various  modes  in  which  nyti'ition  becomes  impaired  \ 
can  only  be  understood  by  knowing  the  different  steps  ol 
the  nutritive  process.  For  ages  medical  men  have  been  ii 
habit  of  considering  the  blood  to  he  the  primary  soun 
numerous  maladies,  but  our  previous  description  of  the  pro- 
cess uf  nutrition  must  shew  that  the  changes  in  this  fluid,  and 
the  diseases  which  accompany  them,  are  for  the  most  part  not 
primary,  but  secondary  ;  that  is  to  say,  they  are  dependent  (U 
previously  existing  circumstances,  to  the  removal  of  which  th 
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tnedical  practiltoaer  must  look  for  the  meaua  of  curiug  his 
pBtieot.  This  will  become  apparent,  not  bo  much  by  annlvsing 
the  individual  diaordera  to  which  tho  various  organs  and  Useuea 
of  ths  body  are  liable,  aa  by  detcrminiDg  the  fundamental 
pathological  processes  which  are  common  to  all  ]>fLrtB  of  the 
fmme.  An  enumeration  and  definition  of  these  ia  all  we  citu 
venture  upon  in  this  place. 

Clttuljwtion.  of  DUetuta  of  Nittrition. 
Ctm0tttion,orejeeeuofbioodinapaH. — This  is  an  over-disten- 
Atm  of  the  blood  vessels,  but  more  especinJly  of  the  capilkries, 
with  blood.  It  may  be  caused  by  injury  to  the  vaao-motor 
aystem  of  nervea  (see  Fuaclions  of  the  Sympathetic  Nei-ves) ;  by 
mechanical  impedimenta  which  obstruct  the  return  of  venous 
blood,  and  by  irritation  of  the  textures.  However  produced, 
congestion  may  be  temporary,  and  disappear  witliout  producing 
much  disturbance,  or,  if  long  continued,  it  maf  give  rise  to  one 
or  more  of  the  following  conditions  ; — 

Fwtr. — When  congeBtioniscaosed  or  accompanied  by  genenJ 
exdtement  of  the  nervous  syBtem,  it  produces  fever,  a  morbid 
OMidition,  characterised  by  hot  skin,  accelerated  pulse,  furre<I 
u,  thirst,  and  hetulache,— phenomena  usually  preceded  by 
itiou  of  cold  or  rigor.  If  cnnsed  by  some  poison  intro- 
1  through  the  blooi),  it  ia  called  primary^  the  principal 
lalwing  intermittent,  remittent,  and  anitinv^i.  If  proilueed 
by  injuries  to  t«xture,  either  directly  from  violence,  or  in- 
directly from  reflex  action,  causing  internal  inflammations,  it  is 
denominated  ttamdary  or  n/mplomatic. 

Dfopty,  or  effu»on.  of  lerum. — When  congestion  ia  patiiit,  or 
caused  by  meclianioal  olistruction  to  the  flow  of  bl<K)d  through 
the  veins,  serum  transudes  through  the  wails  of  the  cnpillary 
vessels,  and  collects  in  various  places,  causing  dropsy.  If 
genoTftlly  diffused,  especially  through  the  subcutaneous  tissue, 
it  is  called  anoMtrea  ;  if  limited  to  the  peritoneal  cavity,  atdta  ; 
if  locaJ,  adema. 

Hiemorrhagt  or  ejrtraixuation  ofUood. — This  may  arise  from 
direct  injury  to  a  blood  vessel,  from  a  wound,  or  from  disease 
of  its  coats.  Under  such  circumstances,  it  may  be  arterial  or 
■Mfioua,  the  former  distinguished  by  the  blood  being  of  a  bright 
florid,  and  the  Utter  by  its  being  of  a  claret,  colour.  The  capil- 
laries are  frequently  ruptured  from  over-distension  with  blood, 
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which  is  capiUary  or  eojigeatiae  hEemorrhage,  causing  dropsickt' 
effiisicina  or  inflanuniitory  exudutioua  to  nsaume  a  sauguiuolf 
character. 

lafiammation,  or  txtuiation  of  Uquar  Kinffuinu.—Whea  o. 
geBtioniaac^'w,  or  arises  from  irritation  of  the  textures,  it  may, 
if  excessire,  t«rminate  iu  the  exu<latiou  through 
the  liquor  tangviiti).     This  is  iuflonuQation  ;  au  expression  still 
used  very  vaguely  by  some  pathologists,  but  which,  thus  da- 
fined,  Eeparates  the  morbid  sUite  accurately  from  cougesti 
fever  on  the  one  hand,  iiud  from  dropsy,  or  the  processes  of 
growth,  on  the  other.    The  exudation  thrown  out  uudergoes  K 
viirtety   of    changes,    producing    various    morbid    condition^ 
according  as  it  lives  or  dies. 

Simple  or  injiamniaiori/  tcudation — This  consists  of  tfaiS 
normal  Uquor  ganguinU,  wluch  infiltrates  the  neighbouring 
s  or  coUects  in  serous  cavities.  It  then  coagulates,  and 
may  undergo  the  following  vital  transformations  : — Ist,  Into 
cdU  and  fibres,  forming  ad/ietive  lymph,  as  on  the  aurface  of 
aerous  membranes ;  2d,  Into  pus  cells,  constituting  tvppvra- 
aa  in  mucous  Burfaces  or  in  areolar  texture  (Plate  IU. 
.7,  13,  and  19)  ;  3d,  Into  granule  cells,  forming  t'n^ammo- 
tory  mftcniug  (Fig.  22} ;  and  4th,  Into  various  elemental^ 
s,  such  OS  the  fibrunn,  vnscular,  cnrtilaginous,  bony,  ka. 
In  this  manner  the  exudation  may  be  (1.)  fi1)Borbed,  or  undergo 
raolucion;  (2.)  evacuated  exlemaJly  by  discharge  ;  or  (3.)  aa- 
gifflilated  to  the  body.  It  is  the  agent  which  forms  abscesses, 
caueee  bhe  healing  of  wounds,  and  the  union  of  divided  tendons, 
boni-s,  &C. 

Thiberdt  or  tubermdar  ej:vdation, — When  an  exudation,  instead 
of  undergoing  the  vit«I  chaugea  just  referred  to,  assumes  s 
yellow  or  grayiah  aspect  and  cheesy  consistence,  it  is  called 
tubercU.  It  consists  of  solid  irregularly- formed  bodies,  called 
tvberde  eorpwKtai,  more  or  less  associated  with  molecules  and 
grajioles  (Plate  III.  figs.  84  and  25).  If  disseminated  in  small 
grains,  it  is  called  mi^uh^;  tf  in  considerable  patches  or  masses, 
it  is  infiltnUtd  tubtrrie.  When  chronic,  it  may  be  encysttd,  or 
present  the  form  of  eetiaeeoiu  or  adeareouM  mattei. 

Cancer,  or  cancerout  entdatioti. — When  an  exndation,  instead 
of  undergoing  the  vital  transformations  previously  described, 
passes  into  cells  and  fibres,  the  former  increasing  endogenoualy, 
it  is  called  eaitetr  (Plate  III.  fig,  23).     If  hard,  and  priucipitllj 
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formed  of  fibres  from  associated  morbid  growtli,  it  is  caJIed 
tdrrhui;  if  soft,  often  jiddicg  &  milky  juice  oo  pressnre,  it  is 
tiie^halonM  ;  if  having  a  fibrous  basia,  this  is  so  arranged  as  to 
form  areolae  or  loculi,  costaiaing  a  gelatinous  gum  or  glue-like 
matter  ;  then  it  ia  called  colloid  oaiicer. 

Mortification,  or  moiat  gangrene. — Wlieu  the  exudation  is 
poured  out  rapidly  in  such  quantity  as  to  paralyse  the  nerves, 
otMtruct  the  blood  vessels,  and  prevent  the  return  of  circulation 
in  them,  it  dies,  and  undergoes  cliemical  putrefactive  changes,  and 
is  said  to  be  mortified,  or  to  be  affected  with  moist  gangrene.  It 
differs  from  dr;/  gangrene,  which  is  slow  death  of  pre-existing 
texture  from  want  of  nourishment.  Sometimes  it  is  epidemic, 
from  external  or  unknown  causes,  resembling  the  blight  which 
effects  vegetablea. 

Uleeraiion. — Wlien  an  exudation  does  not  pass  into  the  vital 
tranaformations  formerly  described,  but  [iresses  upon  the  aur- 
rounding  parts,  obstructing  the  flow  of  blood  in  them,  death  of 
such  parts  takea  place.  Under  these  circumstances,  the  whole 
slowly  disintegrates  ;  loss  of  texture  is  occasioned,  with  breach 
of  continuity  ;  and  an  tdcer  ia  fonned.  Ulceration  niny  alao  be 
produced  by  the  direct  pressure  of  a  foreign  body,  continued 
vei^t  of  depending  parts,  &c 

Morbid  groiath*  of  texlvre. — Increased  growth  of  tissues  may 

■ume  various  fvmia  :  the  organ  or  structure  may  be  enlarged 
in  whole  or  in  part,  still  maiutaining  more  or  less  of  its  original 
tmture,  shape,  and  function — constituting  hgpenrophg.  Mem- 
braoea  110,3  become  pretematurally  thickened,  causing  more  or 
IcM  induration,  whereby  the  movemeuta  of  parts  may  be  nf- 
fbcted ;  or  the  calibres  of  tubea  and  ducts  may  be  diminished, 
producing  ttrieture.  The  vital  traasfomiatioos  of  an  exudation 
into  )ius,  granule,  or  other  cells,  must  be  regarded  as  a  form  of 
morbid  growth,  as  well  as  the  results  of  the  healing  process, 
which  give  rise  to  new  tissuoa  exactly  resembling  those  previ- 
ously exiating  in  other  parts  of  the  body, — aa  in  eicatricea, 
callus,  &e.  lastly,  such  growths  may  nasnme  the  form  of 
tumour,  and  may  present  the  form  of — 1st,  Fibroma,  or  fibrous 
growtlis  ;  id.  Lipoma,  or  fatty  growths  ;  3d,  Angionoma,  or 
vascular  growths;  4th,  Cystoma,  orcystic  growths;  !)t)i.,  Adcntrma, 

flMHlulor  growths  ;  Stb,  Epillitiioma,  or  epithelial  growths ; 
~  "  ■  r,  or  cartilaginous  growths ;  8th,  Osteoma,  or 
iwths ;  and  Sth,  Cartinoma,  or  caucerous  growths. 
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Morbid  degtnerationi  of  ttxture. — Thia  ajso  may  asHiime 
OUB  fomiB.  The  organ  or  structure  imi;  Tie  diminished  in  wholo' 
or  in  part,  conatituting  atrnpliy,  slill,  however,  retaining 
uormnJ  ahape  and  function  ;  or  the  structure  of  the  parts  them-' 
selves  ma;  have  undergone  alteratioue,  whereby  their  functions'! 
firo  impaired  or  destroyed.  Such  degenerations  are  of  fc 
kinds : — 1st,  They  may,  in  a  Tarietj  of  ways,  become  indurated 
and  shrivelled  up,  or  convei-ted  into  n  waxy  or  glue-like 
jnaterial,  apparently  from  an  eiceaa  of  one  or  more  of  the 
albuminous  or  gelatinous  compounils.  Tliia  is  albuminout  de- 
penrraiioii.  Sd,  They  become  softer,  from  an  accnmulation  of 
fatty  granules,  either  within  cells  or  among  the  minute  elements 
of  the  texture.  This  ia  folly  degeneration,  3d,  In  the  same 
manner,  pigment  of  various  kinds  ia  deposited  in  or  replaces  the 
tisane,  which  may  be  red,  yellow,  brown,  green,  blue,  purple,  or 
black,  owing  to  chemical  changes  ascribable  to  eEtravaaated 
blood  or  bile,  or  to  some  peculiar  secretion.  Thia  ia  pigmentary 
degeneration.  Lfutly,  the  tissues  may  become  inliltrated  with 
mineral  matter  of  various  kinds,  but  generally  with  salts  of 
lime  in  solution,  which  subsequently  becoming  solidified,  im- 
pede or  destroy  function.     Such  is  vtineral  degcaeratiaii, 

Voncretiont. — These  are  non -organised  and  non-vaaculnr  pro- 
ductions, formed  by  the  mechanical  deposition  and  aggregation 
of  various  kinds  of  matter,  generally  in  the  ducts  or  c-ivities  of 
the  ho  low  viscera.  They  may  be  composed  of  albuminous, 
fatty,  pigmentary,  or  mineral  substances,  but  are.  separable 
from  degenerations  from  their  never  being  formed  out  of  an 
organic  structure.  Urinary  «meretioai,  or  calculi,  are  composed 
of  the  salts  which  ore  too  predominant  in  the  urine,  and  which 
have  been  precipitated  round  a  central  body  or  nucleus,  formed 
within  or  iutrodnced  from  without.  Biliary  concretions  are 
formed  of  inspissated  bile  or  of  cholesterine.  The  former  are 
black  or  mingled  with  more  or  less  colouring  matter  of  the  bUe  ; 
tho  latter  are  white.  Intailinal  eoncraiont  ore  usually  composed 
of  hail"  or  vegetable  fibres,  which  have  been  swallowed  and 
accumulated  also  round  a  central  nucleus.  Mineral  eonereliont, 
composed  of  carbonates  and  phosphates  of  lime,  are  common  in 
the  mucous  pasaagea  of  various  organa,  especially  the  salivary, 
pulmonary,  pancreatic,  hepatic,  and  renal.  They  also  occur  in 
tlie  veins,  when  they  are  called  p/ilebdites.  Occasionally  they 
resemble  starch  grains,  and  are  called  amyloid  ;  and  not  un- 
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frequeDtly  coDcretioua  nre  founil  really  cnnipoaed  of  aggregated 
or  isolated  elan^b  corpuscles,  whieh  may  be  called  amyUKeotu. 

Parotitic  jjromtht. — These  are  of  two  kinds,  regetable  and 
aniiuaL  The  Tegetable  paraflitic  growths  may  be  divided  into 
such  a»  grow  on  the  surface  {Epiphyta),  or  those  tbat  bare  been 
formed  in  the  interior  of  tlie  body,  chiefly  ou  th«t  mucous 
»\riact!a{EnU>phyta),  The  auimal  pamaites  nay  also  be  divided 
iuto  Buch  as  infest  the  surface  {Epiioa),  and  auch  as  are  found 
in  the  interior  of  the  body  {Entozaa),  To  the  former  belong 
the  several  species  of  PtdteuUu,  or  louse  ;  the  Aeanu  Seabid, 
or  itch-iiisect ;  the  Enlotoon  foUiealorum,  which  inhabits  the 
follicles  of  the  skin  ;  and  the  Ptdtx  penetrant,  or  guiuea- 
\Fonu.  The  Eutozoa  are  numerous,  and  may  be  divided 
into^Ist,  Cyitica,  or  saccular  worraa  ;  2il,  Cutoidea,  or  chain- 
worms  ;  3d,  Trertiatoda,  or  flat  worms  ;  and  4th,  Seiiuitoda,  or 

Such  is  au  enumeration  and  defiaitiun  of  the  organic  diseases 
of  teituree  and  organs.  What  are  called  ftatctional  dmrden 
of  the  same  parts,  are  such  as  leave  no  traces  of  their  existence 
after  death,  and  are  for  the  most  part  simple  excess  or  diminu- 
tion of  normal  actions.  It  is  only  when  these  last  lead  to 
congestions  and  exudations,  terminating  in  fever  or  vital  trans- 
formations, and  chemical  changes  producing  degenerations,  that 
a  true  structural  lesion  can  be  said  to  exist.  The  causes  of 
these  organic  alterations  of  texture  are  to  be  sought — lat,  In 
increased  or  dimiuiahei)  stimulation  acting  directly  on  the 
tissue*  themselves  ;  Sd,  In  increased  or  diminished  excitability 
of  the  nervous  system  operating  upon  them  indirectly  ;  3d,  In 
an  altered  condition  of  the  blood  ;  ajid  4th,  Id  chemical  trans- 
formations of  texture.  These  mity  act  sep-irately  or  combined, 
and  one  may  occiuion  the  other." 
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INNERVATION. 


INWEEVATTON. 

The  fanction  of  innervation,  like  that  of  nutrition,  consists  ii 
tLe  performance  of  various  a.ctioiiH,  widelj  different  from  each   j 
other,  although  a^ociated  together.     These  actions  lead  U 
nmnifestatiou  of  intelligence,  sensation,  mid  combined  motioii, 
and  are  dependent  on  the  vitality  of  complei  organs — viz.  tha    i 
brain,  spinal  cord,  and  nervea, 

Stbuctubal  A»RAiiaBHBNT  of  the  Nehvous  Stbteu. 

To  the  e;e,  the  nervous  system  appeara  to  be  composed  of 
two  structurea — the  gray  or  gnngjiooic,  and  the  white  or  tubu* 
lav.  The  gray  matter,  when  e^iamined  under  higli  powers,  may 
be  seen  to  be  much  more  vascular  than  the  white,  composed 
essentially  of  molecular  matter,  in  which  are  imbeilded  nuclei 
and  nucleated  cells,  varying  in  size  and  shape,  connected  toge- 
ther by  a  greater  or  less  number  of  nerve-tubes,  also  varying 
in  calibre.  The  whit*  matter  is  essentially  tubular.  (See  p.  94.) 
There  are  also  bundles  of  gelatinous  or  flat  fibres,  the  nature  of 
which  is  much  diBput«d,  very  common  in  the  olfactory  nerva 
and  sympathetic  system  of  nerves.  There  can  be  no  doubt 
that  some  nerve-tubes  run  into  the  ganglionic  corpuscles,  whilst 
others  originate  fn)m  them.  It  is  also  now  rendered  certaio 
that  the  same  ganglionic  cell  may  receive  and  give  off  nerv*- 
tubes,  each  having  distinct  jiroperties, — the  one  of  conveying 
the  influence  of  impressions  to,  and  the  other  of  conveying 
influeocM  from,  the  nervous  centres.     (See  pp.  (to,  94.) 

By  oerefcrum,  or  brain  proper,  ought  to  be  tmdemtood  that 
part  of  the  eucephalou  constituting  the  cerebral  lobes,  situated 
above  and  outside  the  eorpiu  coltotiim;  by  the  <pinaf  cord,  all 
the  parts  situated  beiow  this  great  commissure  consisting  of 
corpora  alriata,  optta  tkalami,  corpora  qjiadrigemina,  etrebtUum, 
pom  Varolii,  nttdulla  oblongata,  and  medulla  tptntdit.  In  this 
way  we  have  a  cranial  and  a  vertebral  portion  of  the  spinal  cord. 

In  the  cerebrum,  or  brain  proper,  the  gray  or  ganglionia 
structure  is  external  to  the  wliit*  or  tubular.  It  presents  on 
the  surface  numerous  anfractuosities,  whereby  a  large  quan- 
tity of  matter  is  capable  of  being  contained  in  a  sm.ill  spac& 
This  crumpled-up  sheet  of  gray  substance  has  been  appropriat< 
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tailed  the  htmitpherkal  gan^ion  (Solly).  In  the  cranial  por- 
tion of  tbe  spinal  cord,  the  gray  matter  exists  in  masses,  consti- 
tnting  a  chain  of  gaiigltu  nt  the  base  of  the  eucephaJon,  more  or 
lesa  connected  with  eax;h  other,  as  well  as  with  the  white  mutter 
of  the  biain  proper  above,  and  the  vei-tehral  portion  of  the  cord 
below.  In  this  lost  jHirt  of  the  nervous  syalem,  the  gray 
matter  is  internal  to  the  while,  luid  on  a.  transverge  section 
presenta  the  form  of  the  letter  X,  having  two  praterior  and 
two  anterior  comua,^au  arraugement  which  allows  the  white 
iubstauce  to  be  distributed  in  the  form  of  nerves  to  all  parts 
of  the  frame. 

The  while  tubular  structure  of  the  vertebral  portion  of  the  cord 
ia  divided  by  the  anterior  and  posterior  horns  of  gray  matter, 
together  with  the  anterior  and  posterior  sulci,  into  three  divi- 

I  or  columns  on  each  side.  On  tmcing  these  upwards  into 
the  medulla  oUongata,  the  anterior  and  middle  ones  may  be 

to  decussate  only  at  that  place  with  each  other,  whilst  the 
posterior  columns  decussate  through  the  whole  est«nt  of  the 
»rd.     (See  Plato  XV.  flg.  11,  and  Plate  XVI.  figa.  1  and  2.) 

tradog  the  columns  upwards  iuto  the  cerebral  lobes,  we 
observe  that  the  anterior  or  pyramidal  tracts  send  off  a  bundle 
of  tubes,  which  pnases  below  the  olivary  body,  and  is  lost  in  the 
oerebetluni  {Arciform  band  of  Solly),  The  principal  portion  of 
the  tract  jiaases  through  the  corpus  tiriatum,  and  anterior  por- 
tion of  the  optic  thalamuti,  and  is  ultimntely  lost  in  the  white 
•ubstnnce  of  the  cerebral  hemispheres.  The  middle  column  or 
olivary  tract,  may  be  traced  through  the  substance  of  the  optic 
th/tiatnui  and  corpora  quadrifftmina,  to  be  in  like  manner  lost  in 
the  cerebtul  hemispheres.  Tlie  posterior  column,  or  ratiform 
tract,  paaws  almost  entirely  to  the  cerebellum. 

In  addition  to  the  diverging  tubules  in  tlie  cerebral  hemi- 
spheres which  may  be  traced  from  below  upwards,  connecting 
the  hemispherical  gangliou  with  the  structures  below,  the  brain 
pntper  also  possesses  bands  of  transverse  tubules,  constitutiug 

commissures  connecting  the  two  hemispheres  of  the  brain 
together,  as  well  as  longitudinal  ones  connecting  the  anterior 
with  the  posterior  lobes.  In  the  spiiutl  cord  it  result^  from  the 
investigations  of  Lockhart  Clarke,  that  there  is  a  communica- 
tion between  the  various  bundles  of  tubes  throughout  its  whole 
extent — 1st,  Between  tlie  anterior  and  posterior  spinal  mots  ; 
Sd,  Between  the  two  lateral  columns  of  gra;;  m%UAX ",  ^., 
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Between  these  Hnii  the  brain  above ;  and  4th,  Between  theiie  and  | 
the  uerres  bolow.    (See  Plate  XVI.  figs.   1  and  2.)     It  is  n. 

aUo  determined  that  many  of  the  tubes  in  the  nerves   may  j 

lie  traced  directly  into  the   gray  Bubstauce  of  the  cord,  uid  I 

terminate   there — a  fact   nrgiually   stated    by   Graiuger,   but  I 
confirmed  by  Budge  and  Kjilliker. 

These  obiiervatioiix,  indeed,  demonstrate  that  the  numeroui  1 

actions  hitherto  called  rejitz:  are  truly  direct,  and  are  carried  1 

on  by  a  iteHea  of  nervous  tubules  running  in   (Ufferent  direo-  [ 

tioQs.      Tliere  can  be   no   doubt   that   they  pnss  and  operate  ' 

through   the   cord  ;    and   hence   the   term  diastaltie   propoMd  ' 

by  Marshall   Ilall  instead   of  reSex,  is   in   every   way   more  1 
appropriate. 

General  Fl-nctions  of  the  Nbhtops  Ststbm, 
Tiie  great  difference  in  structure  exiBting  between  the  gmy 
and  white  matter  of  the  nervous  flyatem  vouXd,  i)  priori,  lead  to 
the  supposition  that  they  performed  separate  functions.  The 
tlieory  at  present  entertained  on  this  point  is,  that  while  tl» 
gray  matter  eliminates  or  evolves  nervous  force  or  energy,  tlie 
whit«  matter  conducts  to  nnd  from  tliis  ganglionic  structure 
the  influences  which  are  sent  or  originate  there.  Not  that  the 
white  matter  is  wholly  without  power  of  originating  influences, 
because  irritating  the  trunks,  and  especially  the  eitremities  of 
nerves,  not  only  cauaes  the  tranamission,  but  escites  the  influ- 
ence which  is  transmitted.  But  that  the  function  of  the  whits 
matter  is  essentially  that  of  ecnduetivilt/. 

The  brain  proper  fumishes  the  conditions  necessary  for  the 
manifestation  of  the  intellectual  factdtiea  properly  so-called,  of 
the  emotions  aud  passions,  of  volition,  and  is  essential  to  sensa- 
tion.  That  the  evolution  of  the  power  especially  connected 
■with  miud  is  dependent  on  the  hemispherical  ganglion,  is 
rendered  probable  by  the  following  facts: — 1.  In  the  animal 
kingdom  generally,  a  correspondence  is  observed  between  the 
<]uantity  of  gray  matter,  depth  of  convolutions,  and  the  sagacity 
of  the  animal.  2.  At  birth,  the  gray  matter  of  the  cerebrum 
is  very  defective;  ao  much  so,  indeed, that  the couvolutions  are, 
as  it  were,  in  the  first  stige  of  their  formation,  being  only 
marked  out  by  superflcial  fisaures  almost  confined  to  the  surface 
of  the  bmin.  As  the  cineritious  substance  increases,  the  int 
ligeace  becomes  deveioped.     3.  The  results  of  experimentu ' 
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Flourens,  Bolando,  Hertwig,  and  othera  have  shevD  that,  ou 
Bliciag  away  the  bmiii,  the  animal  W^mea  mure  (lull  aud 
Btupid  iu  pTvportion  to  the  quantity  of  cortical  subatAtu-e 
removed.  4.  Clinical  ol«ervatton  poiuts  out,  that  in  thoee  cases 
in  which  the  dtaeaae  has  been  afterwardfl  found  to  commence 
at  the  circumfereitce  of  the  brain,  and  proceed  towards  the 
ceutre,  tlie  tuentAl  faculties  are  affected ^j( ;  -whereas  in  those 
diaeawis  which  commence  at  the  central  ports  of  the  organ,  and 
[iroceed  towaril  the  circumference,  they  are  affected  lail. 

The  white  tubular  matter  of  the  brain  proper  serves,  by 
means  of  the  diverging  fibres,  to  conduct  the  influences  originat- 
ing in  the  hemispherical  ganglion  to  the  nerves  of  the  head  and 
trunk,  wblLst  they  also  conduct  the  influence  of  impresaionB 
made  on  the  trunk,  in  an  inverse  manuer,  up  to  the  cerebral 
convolutions.  The  other  transverse  and  longitudinal  Sbres 
which  connect  together  the  two  hetuispheres,  and  various  parts 
of  the  hemisplierical  ganglion,  are  probably  subservient  to 
that  oombinatiun  of  the  mental  fuculties  which  characteriaes 

The  tpinal  cord,  both  in  its  crauial  and  vertebral  j)ortions, 
furnishes  the  conditions  necessary  for  combined  movements ; 
and  that  the  nervous  power  nectissiiiry  for  this  purpose  depends 
upon  the  gray  matter,  is  rendered  probable  by  the  following 
facts  : — Ist,  Its  universal  connection  with  all  motor  uerveiL 
2d,  Its  increased  quantity  in  those  portions  of  the  spinal  cord 
from  wheuce  issue  lai^e  nervous  trunks.  3d,  Its  collection  in 
moaeea  at  the  origin  of  audi  nerves  in  the  lower  animals  as 
furnish  peculiar  organs  refiiiiring  a  large  quantity  of  nervous 
power,  as  in  the  Tri^lia  roliiatu,  Rata  torpedo,  Silunu,  &c. 
4th,  Clinical  observation  [loints  out  that,  in  cases  where  tlie 
central  portion  of  the  cord  is  affected  previous  to  the  eitemol 
portion,  au  individual  retains  the  sensibility  of,  and  [tower  of 
moving,  the  limbs,  but  wants  the  power  to  stand,  walk,  or  kerp 
himself  erect,  especially  when  the  eyes  are  shut ;  whereas,  when 
diseases  commence  in  the  meiiiugen  of  the  cord,  or  externally, 
pain,  twituhings,  spaams,  numbness,  or  paralysis,  are  the  first 
symptoms  preaeut,  dependent  uu  lesion  of  the  white  conducting 
matter. 

The  white  matter  of  the  cord  acU  as  a  conductor,  in  the  same 
manner  that  it  does  tu  the  brain  proper  ;  and  there  can  be  no 
doubt  that  the  inSueuco  arising  from  impressions  is  carried. 
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nut  only  along  the  fibres,  formerly  noticed,  which 
brsin  tuiil  two  {Kirtiona  of  tlie  Bpinol  cord  together,  but  along 
thone  more  reuently  discovered,  which  dectissate  or  anoatomow 
in  the  cord  itself  (Browti  Sik^uard),  and  are  connected  with  the 
ganglionic  cells  of  the  gray  matter. 

The  nerva  of  the  bcMly  conaist,  for  the  most  part,  of  nerve- 
tubea  running  in  parallel  lines.  Yet  some  contain  gangli 
coipuwleB,  M  the  olfartory  SJid  the  nltimate  eipansion  of  the 
optic  and  auditory  nerves  ;  whilst  the  sympathetic  nerve  con- 
tains in  various  places  not  only  ganglia,  but  gelatinous  flitt 
libres.  The  posterior  roots  of  tlie  spinal  nerves  po»esa  a  gan- 
glion, the  function  of  which  is  qitile  unknowu.  These  roots  an 
connected  with  the  jiosterior  horu  of  gray  matter  in  the  cord, 
while  the  anterior  roots  are  connected  with  the  anterior  horns. 
As  regards  function,  the  nerves  may  be  considered  as — 1st, 
Nerves  of  special  sensation,  such  as  the  olfactory,  optic,  audi- 
tory, part  of  the  glosso-pliaryngeal  and  lingual  branch  of  the 
fifth.  3d,  Nerves  of  commou  seoBation,  such  as  the  greater 
portion  of  the  fifth,  and  part  of  the  glosao-pharyngeaL  3d, 
Nervoa  of  motion,  such  as  the  third,  fourth,  lesser  division  oT 
the  fifth,  sixth,  facial,  or  portio  dura  of  the  seventh,  and  the 
hypo-gloBsal.  4th,  Senso-motory  or  mixed  nerves,  such  ae  the 
pneumo-gastric,  third  division  of  the  fifth,  and  the  spinal 
nerves.  Dtb,  Sympathetic  nerves,  including  the  uniueroiia 
ganglionic  nerves  of  the  hea/l,  thorax,  and  abdomen.  These 
govoru  the  eicito-motory,  eicito-nutrient,  eicito-secretory,  uid 
vaso-motor  airts  of  the  internal  viscera  and  organs  of  sense. 

Il  is  very  probable  (hat  some  nerves  may  have  other  proper- 
ties than  those  now  referred  to,  which  may  be  peculiar  to  par- 
ticular tubules.  Thus  Brown  St^uard  considers  the  influences 
arising  from  tickling,  temperature,  and  pain  to  be  in  their 
character  distinctive,  and  to  be  conveyed  by  peculiar  nerve- 

Stnnbitity. — All  nerves  are  endowed  with  a  peculiar  vital 
]iroperty  called  ttnslbQity,  inherent  in  their  structure,  by  virtue 
nf  which  they  may  be  excited  on  the  appUcation  of  appropriate 
stimuli,  BO  as  to  transmit  the  influence  of  the  impressions  they 
receive  toor  from  the  brain,  spinal  cord,  or  certain  gangli 
may  be  considered  as  nervous  centres.  {Seep.  179.)  The 
»f  special  sensatioii  convey  ta  their  nervous  centres  the  influence 
otimprMaaa*  caused  by  odoriferous  bodies,  by  light,  nmnd^J 
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&ad  b;  sapid  substances.  The  nerres  of  common  sensntloQ 
couvej  to  their  uervotm  centres  the  influence  of  impresaions 
cftUBed  by  mechanical  or  chemical  aubatanccB.  The  nerves  of 
motion  carry  from  the  nervous  centres  the  influence  of  impres- 
ts, whether  [laycliical  or  physical  (Todd).  The  mixed  nerves 
carry  the  influence  of  stimuli  both  to  and  from,  combining 
I  themselves  sensory  and  motor  filomenta.  Although  the 
sympathetic  nerves  also  undoubtedly  carry  the  influences  of 
impreBsians,  the*direction  of  these  cannot  be  aacertained,  from 
their  numerous  anastomoBes,  as  well  as  from  the  ganglia 
aoittered  over  them,  all  of  which  act  aa  minute  nervous  centres. 
But  there  are  cases  where  certain  psychical  stimuli  (as  the 
emotions]  act  on  organs  through  tbese  nerves,  and  where  cer- 
tain diseases  (as  colic,  gallstones,  &c.)  excite  through  them 
MDsatioDS  of  pain. 

Rapidity  of  thr  nerve  current. — This  problem  has  engaged  the 
attention  of  physiologists  for  one  hundred  and  fifty  years,  but 
has  only  recently  been  solved,  through  the  labours  of  Helmholz, 
who,  by  applying  the  principle  of  Pouillet's  chronoecope,  ulti- 
uatdy  constructed  a  mi/ograpkio^i,  by  which  we  are  enabled  to 
measure  the  velocity  of  the  nerve  current.  (See  Plate  XX. 
Gg.  I.)  Instead  of  being  inconceirably  swift,  as  MUUer  sup- 
posed, it  now  admits  of  demonstration  to  be  in  the  frog  from 
26  to  30  yards  in  a  second.  (See  Practical  Physiology.)  This, 
when  compared  with  the  rapidity  with  which  electricity 
(464,000,IM)0  yards),  light  (300,000,000),  sound  (3,485),  or  even 
a  cannon  ball  {bii  yards  in  a  second)  travels,  is  comparatively 
trifling.  It  is  diminished  by  a  luw  temperature  (HelmhoU), 
and  by  the  electrotonic  state  (Von  Bezold),  and  is  increased  in 
the  motor  nerves  aa  the  nerve  approaches  the  muscle  (Munk). 
A  mollification  of  the  apparatus  has  enabled  Schelske  and 
Jaager  to  determine  the  time  re<]uired  for  sensation  and  a 
subsequent  act  of  volition.  In  one  set  of  experiments,  n  person 
on  receiving  a  slight  electrical  shock  on  the  right  side,  immedi- 
ately moved  a  spring  key  with  his  right  hand,  and  on  receiving 
a  shock  on  the  left  aide,  moved  another  key  with  his  left  hand  ; 
and  he  knew  beforehand  on  which  side  he  was  going  to  l)e 
stimulated,  and  therefore  would  have  to  answer.  In  another 
set  of  experiments,  the  side  was  not  known  beforehand,  and  the 
person,  after  having  received  the  shock,  had  first  to  consider 
which  side  hod  been  struck,  and  with  which  bond  accordingly 
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he  hail  to  act.  The  mean  time  occiijiied  id  the  first  case  was 
equal  to  *205  aec  in  the  seconJ  to  -272  sec  So  that  the  differ- 
ence irf  -067  was  obviously  Ibe  time  si«ut  in  the  opemtion  of 
the  brain,  required  in  the  second,  and  not  required  in  the  first 
case.  Hinth  determined  that  the  difference  in  answering  by  tha 
Tolitioa  aignal  from  sensations  given  through  the  eye  was  equal 
to  "077  of  a  second,  aud  tlirough  the  ear  '149  of  a  second.  "  It 
thus  appefkia  that '  quick  as  thought '  is,  niter  all,  not  so  very 

Smeation  may  be  defined  to  be  (A*  comciovsiiat  of  an  tmpret- 
rion;  and  that  it  may  take  place,  it  is  necesBary, —  Ist,  That  & 
stimuluH  should  be  appbed  to  a  sensitive  nerve,  which  produces 
an  impression  ;  Sd,  That,  in  consequence  of  this  impression,  a 
something  should  be  generated  we  designate  an  influence,  -which 
influence  is  conducted  along  the  nerve  to  the  hemispherical 
ganglion  ;  3d,  On  arriviDg  there,  it  calls  into  action  that  faculty 
of  the  mind  called  consciouHoesa  or  perception,  and  aensatiou  is 
the  result.  It  follows  that  senaation  may  be  lost  by  any 
circumstance  which  destroys  the  sensibility  of  the  nerve  to 
impressions  ;  which  impedes  the  prooeas  of  conducting  the 
influence  generated  by  these  impressions ;  or,  lastly,  which 
renders  the  mind  uncouscious  of  them.  Illustrations  of  how 
sensation  may  be  iiffected  in  all  these  ways  must  he  familiar 
to  every  one,  from  circumstances  influencing  the  uitinia[« 
extremity  of  a  uerve,  as  on  exposing  the  foot  to  cold  ;  from 
injury  to  the  spinal  cord,  by  which  the  communication  with 
the  brain  is  cut  off ;  or  from  the  mind  being  inattentive, 
excited,  or  suspended. 

The  independent  endowment  of  nerves  is  remarkably  well 
illustrated  by  the  fact,  that  wliatever  be  the  stimulus  whivb 
calls  their  sensibility  into  action,  the  same  result  is  occasioned. 
Mechanical,  chemical,  gnlvanic,  or  other  pliysical  stimnli,  when 
applied  to  the  course  or  to  the  extremities  of  a  nerve,  cause  th« 
very  same  results  as  may  originate  from  suggestive  ideas,  per- 
verted imagination,  or  other  pai/chKal  stimub.  Thus  a  chemical 
irritant,  galvanism,  or  pricking  and  pinching  a  nerve  of  motion, 
will  cause  convulsion  or  spasms  of  Uie  muscles  to  which  it  is 
distributed.  The  same  stimuli  applied  to  a  nerve  of  common 
eeuBatioQ  will  cause  pain,  to  the  optic  nerve  flushes  of  light,  to 

•  Sir  Du  Bait  RcymoDcl'a  Ltclura  «t  the  Rojul  IniUlulioa  ol  Great  Brilsin, 
April  IS.  ises. 
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the  BUiIitoty  oerve  ringing  sounda,  luiil  to  the  tip  of  tLe  tongue 
peculiar  tastes.  Again,  %re  have  had  nbuudaut  opportunities 
of  witnessing  the  fiict,  that  augge^ive  ideas,  or  stimuli  origin- 
ating in  the  mtaJ,  induce  similar  effects  on  the  musoles,  gire 
rise  t«  pnin  or  inseusibilitj-,  and  cause  perversion  of  all  the 
special  senses.    (Sae  "  Mono-ideism.") 

Motion  is  accomplished  through  the  agencj  uf  muscles,  which 
are  endowed  with  a  peculiar  vital  property  willed  contradililj/ 
(see  p.  17T],  in  the  same  wa;  that  nerve  is  endowed  witL  the 
property  of  seosihilit}'.  Contractility  may  be  called  into  actiou 
altc^ther  independent  of  the  nerves  (HaUer),  but  may  also  be 
exdted  by  physical  or  psychical  stimuli,  operating  through  Ihe 
aervea.  FAyncal  stimuli  (aa  pricking,  pinching,  galvanism,  &c), 
applied  to  the  extremities  or  course  of  a  nerve,  may  cause  coo- 
Tulnotu  of  the  parts  to  which  the  motor  filaments  are  distri- 
buted directly,  or  they  may  induce  combined  movements  iu 
other  porta  of  the  body  diailallieaUi/  (Manihall  Hall),— thut  is, 
through  the  spinal  cord.  In  this  latter  case  the  fullowiug  Series 
of  actions  take  place  : — Ist,  The  influence  of  the  impression  is 
conducted  to  llie  spinal  cord  by  the  afferent  or  aodic  filaments 
which  enter  the  gray  matter.  2d,  A  motor  influence  ia  trans- 
mitted outwards  by  one  or  more  efferent  or  exodie  nerves.  3d, 
Tlii*  sUmuhttes  the  contractility  of  the  muscles  to  which  the 
latter  are  distributed,  and  motion,  ia  the  result.  Lastly,  Con- 
tractility may  lie  called  into  action  by  piycAtml  stimuli  or  mnutol 
arte,— such  aa  by  the  will  and  by  certain  emotions.  Integrity 
uf  the  muscular  structure  aloue  is  necessary  for  contractile 
movements ;  but  there  muat  be  also  integrity  of  the  spinal  cord, 
for  diaslaltic  or  reflex  movements  ;  and  of  the  brain  proper,  for 
voluntary  or  emotional  inoveuients, 

Thua,  then,  we  may  consider  that  the  brain  acting  alone  fur- 
nisbe*  the  conditions  ueoessary  for  intelligence  ;  that  the  spinal 
con!  (urniahes  the  couditioua  esaential  for  the  co-operative 
inovementa  neceaaary  to  the  vital  functions  ;  and  that  the  broiii, 
spinal  cord,  and  nerves,  acting  together,  funiisb  the  conditiona 
neL«iaaiy  for  voluntary  motion,  and  for  seusatioo. 

Laws  RKotnaTiiso  Morbid  Actio!»h  of  the  Nervous  Ststeu. 
1.   TA«  peeviiarity  of  the  cranial  cireulalion,  previously  de- 
scribed (p.  S2t)),  sliews  how  general  or  local  cougeatious  may 
occawou  the  most  violent  effects,  without  giving  rive  to  itruc- 
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tural  lesion,  or  increosiog  the  amount  of  fluid  within  the  cran- 
ium. Thus  all  tlie  syraptonia  of  apoplesy  followed  by  death 
may  take  place,  aud  ou  posC-mortem  examination  uo  change  in 
the  braiu  or  its  niembnuiea  be  found.  Such  caacs  were  called 
by  Abercrombie,  timpU  apoplexy.  A  young  person  receives 
diatreaaiug  intelligence,  and  fainla — that  is,  loses  cousciouanea^ 
sensation,  and  volition.  This  depends  on  weakness  of  the  heart, 
causing  venous  uerebrol  congestion.  The  most  violent  conrul- 
wous  and  passions,  associated  or  not  with  disorder  of  the  mental 
functions,  such  as  epilepsy,  hydrojibobia,  tetanus,  &c.,  leave  no 
trace  of  their  existence,  and  are  often  attributable  to  eon- 
geations,  wliich,  by  inereasiag  blood  pressure  in  some  ports 
of  the  cerebrum,  and  dimiuiahing  it  in  others,  offers  the  only 
explanation  of  such  pheuomenn. 

2.  All  tite  functioni  of  tkc  nerront  system  maij  be  increased, 
perverted,  or  destroyed,  according  to  ike  degree  of  atimulus  or  dit- 
ease  operating  on  its  various  parts. — Thus,  as  a  general  rule,  it 
may  be  said  that  ft  slight  atiniulus  produces  increased  or  per- 
verted action ;  whilst  the  same  stimulus,  long  continued  or 
much  augmented,  causes  los^  of  function.  All  the  various 
stimuli,  whether  mechanieai,  chemical,  electrical,  or  psychical, 
produce  thesame  effects,  and  in  different  degrees.  Circuuwtanoes. 
influencing  the  heart's  action,  stimulating  drinks  or  food,  act 
in  a  like  mHiiner.  Thus,  if  we  take  the  effects  of  alcohoUo 
drink  for  the  purpose  of  illuHtratiou,  we  observe  that,  as  regards 
combined  movements,  a  slight  amount  causes  increased  vigour 
and  activity  in  the  muscular  system.  As  the  stimulus  aug- 
ments in  intensity,  we  see  irregular  movements  occasioned, 
staggering,  and  loss  of  control  over  the  limbs.  Lastly,  when 
the  stiniuluR  is  excessive,  there  is  complete  inability  to  movs; 
aud  the  x>ower  of  doing  so  is  temporarily  anniliilated.  With 
regard  to  sensibility  and  sensation,  we  observe  cephalagia,  ting- 
ling, and  heat  of  akin,  tinnilus  aurium,  confusion  of  vision, 
MMgcte  rolilattles,  double  sight,  and  lastly,  complete  tnsensibili^ 
and  coma.  As  regards  intelligence,  we  observe  at  first  rapid 
flow  of  ideas,  then  confusion  of  mind,  delirium,  and,  la^y, 
sopor  and  [lerfect  unconsciousness.  In  the  same  manner, 
pressure,  mechanical  irritation,  and  the  various  organic  dis- 
eases, produce  augmented,  perverted,  or  diminished  (unction, 
according  to  the  intensity  of  the  stimulus  applied,  or  amount  ol 
structure  destroyed. 
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Then  it  bM  been  ehewn  that  eiceas  or  diminution  of  stimu- 
lUB,  too  much  or  too  little  blood,  very  violent  or  very  iveak 
caj^inc  contractions,  anil  plethora  or  extreme  eihaustjon,  will, 
ao  far  as  the  nervous  funutiuiia  are  concerned,  produce  similar 
alterations  of  motion,  sensation,  and  intelli^uce.  EicesBive 
iuemorrhage  caUBes  muscular  weakness,  convulsions,  and  lora  of 
motor  jKiwer,  perversions  of  all  the  Bensatious,  and,  lastly,  un- 
consciousness from  syncope.  Heuce  the  general  strength  of  the 
frame  cannot  be  judged  of  by  the  nervous  Rymjitomx,  although 
the  treatment  of  these  wiU  be  altogether  different,  according  as 
the  individual  is  robust  or  v/eak,  has  a  full  or  small  pulse,  &c. 
These  similar  effects  on  the  nervous  centres,  from  apparently 
■Ui^  opposite  exciting  causes,  can  only  be  explained  by  the 
peculiarity  of  the  circulation  previously  noticed.  A  change  of 
circulation  within  the  cranium  tAJtes  place,  and  whetiier  arte- 
rial or  venous  congestion  occurs,  pressure  on  some  portion  of 
the  organ  is  equally  the  result  The  importance  of  paying 
attention  to  this  point  in  tlie  treatment  must  be  obvious. 

3.  The  teat  of  the  diitaae  tn  (be  nerroiu  lyslem  inAiurKa  the 
nature  of  tie  phenomena  or  symplame  product — As  a  general 
rale,  it  may  be  stAted,  that  disease  or  injury  of  one  aide  of  the 
encephalon  especially  influences  the  opposite  side  of  the  body. 
It  is  said  that  some  very  striking  exceptions  have  occurred  to 
this  rule  J  but  these,  at  any  rate,  are  remarkably  rare.  Be- 
sides, it  is  probable  that,  inaamucli  as  ejrtensire  organic  disease, 
if  occurring  slowly,  may  exist  without  producing  symptoms  ; 
whilst  it  is  certain  moat  important  symptoma  may  be  occa- 
Bioned  without  organic  disease,  even  these  few  exceptional  cases 
■re  really  not  opposed  to  the  general  law.  Then,  as  a  general 
nile,  it  may  be  said  that  diseases  of  the  brain  proper  are  more 
especially  connected  with  perversion  and  alteration  of  the  in- 
telligence \  whilst  diseases  of  the  cranial  jiortion  of  the  spinal 
oord  and  base  of  the  cranium  are  more  particularly  evinced  by 
alterations  of  sensation  and  motion.  In  the  vertebral  portion 
of  the  cord,  the  intensity  of  pain  and  of  spasm,  or  want  of  con- 
(tncling  power,  neccffiary  to  sensation  and  voluntjiry  motion, 
indicates  the  amount  to  which  the  motor  and  sensitive  fibres 
are  affected.  Further  than  this  we  CAn  scarcely  geueraliae  with 
prudence. 

The  fatality  of  lesions  affecting  various  parts  of  the  z 
contwa  variea  greatly.     Thus  the  hemispheres  may  be  e 
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tiivel;  dise&aecl,  often  without  iojur;  to  life,  or  even  permanent  I 
uitemtiou  of  function.     Convulsioaa  and  (laraljaiB  are  the  i 
moD  results  of  disease  of  the  ganglia  in  the  cranial  porti< 
the  cord.    The  same  resultatroniieaionof  thepofw  VaroUi.    But 
if  the  meduiUi  oblongata,  where  the  eighth  pair  origiunteB,  be 
affected,  or  injury  to  this  centre  iteelf  occur,  it  is  olmoBt  alwajs 
immediately  fatal 

4.  Tht  rapidiiy  or  domnat  mlh  rchieh  the  laion  occu 
encei  (A«  phenomena  or  ii/mptotns  produced. — It  may  be 
a  general  rule,  tliat  a  email  lesion — for  iuatAuce,  a  small  hmmins 
rhagic  eitravasation — occurring  suddenly,  and  with  force,  pro- 
duces, even  in  the  same  Bituation,  more  violent  effects  than  » 
very  extensive  organic  disease  which  comes  ou  slowly.  Thi^ 
however,  will  depend  much  upon  the  seat  of  the  lesion.  Very 
extraordinary  cases  are  on  I'ecord  where  large  portions  of  the 
nurvouB  centres  have  been  much  disorganised  without  pro- 
ducing anything  like  such  violent  symptoms  as  have  been 
occasioned  at  other  times  bj  a  small  extra viisation  in  t^e  sajoe 
place.  Here,  again,  the  nature  of  the  circulation  within  the 
cranium  offers  the  only  explanation,  for  the  encephalon  must 
undergo  a  certain  amount  of  pressure,  if  no  time  be  allowed  for 
it  to  adapt  itself  to  a  foi'ejgu  body  ;  whereas  any  lesion  coming 
on  slowly,  enables  the  amount  of  blood  in  the  vessels  t«  be 
diminished  according  to  circumstances,  whereby  pressure  is 

5.  Tie  varioua  Ittiom  and  injuria  of  tht  -nerecut  tyttrm  pro- 
duce phenomena  similar  in  Had. — The  injuries  which  may  be  in- 
flicted on  the  nervous  system,  as  well  as  the  morbid  appearances 
discovered  after  death,  ai'e  various.  For  instance,  there  uiaj 
be  on  extravasation  of  blood,  exudation  of  lymph,  a  softening, 
a  cancerous  tumour,  or  tubercular  deposit,  and  yet  they  give 
rise  to  the  same  nervous  phenomena,  aud  are  modified  only  by 
the  circumstances  formerly  meationeil,  of  degree,  seat,  sudden- 
ness, &C.  Certain  nervous  phenomena  also  are  of  a  paroxysmal 
character,  whilst  the  lesions  supposed  to  contain  them  are 
stationaty  or  slowly  increasing.  It  follows  that  the  effects  can- 
not be  ascribed  to  the  nature  of  the  lesions,  but  to  something 
which  they  all  have  in  common  ;  and  this  apparently  may  con- 
sist of^lat,  PresBiire,  with  or  without  organic  change 
More  or  less  destruction  or  disorganisation  of  nervous  texture.. 
Further,  when  we  consider  that  the  same  nervous  syniptoma 
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arise  from  iTTegnkrities  in  the  drculntiou ;  from  iui^reaseil  as 
veil  Hi  (liiaiiiiflhed  action  ;  sometiiues  when  on  appreciable 
cliange  is  foimil,  as  well  hb  when  disorgniiiiBatioa  bae  occurred  ; 
the  theorjr  of  local  congeation  to  esplain  fuuctioual  alterationa 
of  the  iiei'vouB  ceotres  seems  the  most  coiiBiBt«Qt  with  known 
facta.  That  suvb  local  congeBtions  do  frequently  occur  during 
life  withont  leaving  tracee  detectable  after  deatli,  ii  certain  ; 
whilst  the  occurreuce  of  molecular  changes,  or  other  hypothe- 
tical couditions  which  have  been  supposed  to  eiist,  have  never 
yet  been  ahewn  to  take  place  under  any  circumstances. 

The  following  aphorisms  will  be  found  usefnl  in  endeavour' 
ing  to  reason  correctly  on  the  functtODB  of  the  nervous  syslem  ; 

1.  The  brain  proper  is  that  portion  of  the  encepbolon  situated 
above  and  to  the  outside  of  the  corpui  ocUloiutn, 

2.  The  spinal  cord  is  divided  into  a  cranial  and  vertebral 
portion. 

3.  The  gray  mAtter  evolves,  imd  the  whito  condnrts,  nervous 

4.  Contractilitt/  is  the  property  peculiar  to  fibrous  texture, 
whereby  it  is  capable  of  shortening  its  fibres,  Motion  is  of 
three  kiuda^-coniractiie,  dependent  on  muscle  ;  diattaltie,  de- 
pendent on  muscle,  nerve,  and  spinal  cord  ;  voluntary,  depend- 
ent on  mu«cle,  nerve,  spinal  conl,  and  brain. 

5.  SeruihUily  is  the  property  peculiar  to  nervous  texture, 
whereby  it  is  onpable  of  receiving  impressions  and  of  trans- 
mitting the  influences  they  produce.  &ii«aIionisthe  coiiaciuus- 
new  of  such  impressiunH. 

Special  Fdsctionh  or  thb  Nksvocs  Sistbm. 
On  proceeding  to  determine  more  closely  what  are  the  special 
functions  of  tlie  individual  parts  of  the  nervous  system,  we 
should  never  forget  that  the  various  ways  in  which  they  have 
been  investigated  have  led  to  opposing  Tesults,  and  Uutt  siicb 
is  the  excessive  difficulty  of  the  iuquir}',  that  we  slionld  be  espe- 
cially on  our  guard  against  specious  hypotheses  and  unfounded 
theories.  Anatomy,  human  and  comparative — and  more  eape- 
dally  histology— have  furnished  us  with  many  valuable  facta ; 
but  it  is  not  easy  to  determine  what  are  the  nervous  ganglia  or 
other  parts  in  the  lower  animals  which  correspond  with  what 
u  ;  whilst  erroneoua  interpretations  aa  to  the  bB.\n!t» 


194  THE  NERVOUS  SYSTEM. 

and  motions  of  these  creatures  are  too  readily  formed,  Againj 
in  making  experimeute  on  animals,  it  is  often  impossibli 
liscertain  how  fur  the  shciclc  of  the  operation,  the  Sow  of  blood, 
or  the  destruction  of  other  parts  ma;  vitiate  the  results. 
Lastly,  an  observation  of  the  effects  of  disease  often  leaves  us 
in  doubt  how  far  the  organic  mischief  extends,  and  what  phe- 
nomena may  be  rightly  attributed  to  it,  and  what  to  the  con- 
gestion of  the  blood  vessels  which  accompany  it.  This  laat^ 
however,  is  by  far  the  most  important  means  of  research  open 
to  us  ;  and  if  to  the  result  of  pathological  observation,  a  similar 
one  is  obtiined  from  well-[)erformed  experiments,  our  viewB 
derived  from  either  wiU  be  couGmied.  If  to  this,  histology 
reveals  connections  in  structure  that  will  warrant  and  bear  ont 
such  concliiflions,  we  may  consider  that  every  proof  is  given 
which  conviction  requires.  It  should  be  remembered,  therefore, 
that  such  is  the  fallacy  iuherent  in  each  individual  method  of 
research  that  little  dependence  can  be  placed  upon  it,  and  that 
at  least  two  of  these  must  be  united  to  give  probability  to  any 
given  theory.  The  results  of  these  four  different  methods  of  in- 
vestigation must  be  known  in  order  to  draw  correct  conclusiona. 

Cerebrl'u. 

Hi^ologieal  rauUi. — On  carefully  examining  a  thin  vertical  I 
section  of  the  cerebral  lobes  prepared  after  the  manner  of  Lock- 
hart  Clarice,  and  steejied  in  carmine,  the  white  substance  iu  the 
(ulult  may  be  seen  to  be  compoeed  wholly  of  nerve  tubes.    These  j 
become  more  and  more  minute  as  they  reach  the  gray  matter  rf   I 
the  convolutions,  and  are  gradually  lost  in  it.     The  layer  of  gray   ' 
matter  consists  of  a  finely  molecular  subutance,  in  which  a 
imbedded  minute  nerve  cells,  varying  in  shape  and  size  as  thejr 
are  traced  from  the  circumference  inwards.    Externally,  the 
cells  are  small,  and  associated  with  granules  and  naked  nuclei. 
Internally,  they  are  larger,  circular,  oval,  and  especially  of  a 
triangular  form,  sending  off  processes  continuous  with  the  nerve 
tubes.     (See  Plate  XV.  fig.  1.) 

Exptrimental  retidu. — Tlie  experiments  of  Flourens,  Hertwi^^ 
Longet,  and  others,  have  shewn  that  on  removing  the  cerebral    . 
lobes  from  birds,  the  nieutid  faculties,  including,  of  c< 
seiousness  and  volition,  and  therefore  sensation  and  voluntary 
motion,  are  abolished,  while  the  creature  can  stand  when  put 
on  ita  lega,  By  when  thrown  into  the  air,  and  walk  when  pushed. 
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Hertwig  lias  kept  pigeons  in  this  condition  for  three  months, 
deglutition  and  all  other  redes  acts  being  perfect,  the  mental 
faculties  onlj  absent.  Longet  anil  Daltou  have  recently  main- 
tained that  sensation  may  ejtist  without  the  cerebral  lobee. 
The  former  says,  when  the  cerel>ruui  was  remOTed  from  a 
pigeon,  and  a  tight  suddenly  brought  near  its  eyes,  there  waa 
coutroction  of  the  pupil,  and  even  winking.  Further,  when  a 
rotatory  motiou  was  given  to  the  candle  at  such  a  distance  that 
no  heat  could  oporate,  the  pigeou  made  a  similar  movement 
with  its  head.  Bat  of  these  facts  I  would  observe  that  the 
pupil  will  contract  on  the  application  of  light  when  the  eye  has 
been  cat  out  of  the  head,  and  a  sunflower  follows  the  course  of 
the  sun.  It  cannot,  therefore,  be  said  that  under  such  circum- 
stances the  eye  and  the  flower  posaess  sensation  or  can  see. 

Dalton's  description  of  what  occurs  lifter  removal  of  the  cere- 
brum hi  OS  follow!  ; — "  The  effect  of  this  mutilation  is  simply  to 
plunge  the  animul  into  a  stjit«  of  profound  stupor,  in  which  he 
ia  almost  entirely  iuatlentive  to  surrounding  objects.  Tlie  bird 
remaius  sitting  motionless  upon  his  perch  or  standing  upon  the 
grnund,  with  the  eyes  closed  and  the  head  suidc  between  the 
shoulders.  (See  Plate  XV.  6g.  3.)  The  plumage  is  smooth  and 
glossy,  but  is  uniformly  ex[)anded  by  a  kind  of  erection  of  the 
feathers,  so  that  the  body  appears  somewhat  puifed  out,  and 
larger  than  natural.  Occasionally  the  bird  opens  its  eyes  with 
a  v»/]Ant  stare,  stretches  its  neck,  perhaps  shakes  its  bill  once  or 
twice,  or  smooths  down  the  featUers  ujKin  its  shoulders,  and 
then  relapses  into  its  former  apathetic  condition.  This  state  of 
immobility,  however,  ia  not  accompanied  by  the  loss  of  sight,  of 
hearing,  or  of  ordinary  sensibility.  All  these  functions  remain, 
aa  well  as  that  of  voluntary  motion.  If  a  pistol  be  discharged 
tiehind  the  bock  of  the  animal,  he  nt  once  opens  his  eyes,  moves 
hishea<l  half  round,  and  gives  evident  signs  of  having  heard  the 
report  ;  but  he  immediately  becomes  quiet  again,  and  pays  no 
further  attention  to  it.  Sight  ia  also  retained,  since  the  bird 
will  sometimes  fix  its  eye  on  a  p&rtieular  object,  and  watch  it 
for  several  seconds  together.  Ordinary  sensation  also  remains 
after  removal  of  the  hemis[>heres,  together  with  voluntary  mo- 
tion. If  the  foot  be  pinched  with  a  pair  of  forceps,  the  bird 
becomes  partially  aroused,  moves  uneasily  once  or  twice  from 
side  to  side,  and  is  evidently  annoyed  at  the  irritation." 

From  these  observed  facts,  which  are  strictly  accurate,  Dal- 
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ton  concludes  tbfit  "  the  auimal  ia  still  capable,  after  removnl  of 
the  hemigpheree,  <if  receiving  seusatiouB  from  eztemid  objects. 
But  these  seDsations  nppeiir  to  make  upon  him  uo  lasting  im- 
pression. He  ia  iucnpnble  of  cotmecting  with  his  perceptions 
any  distinct  saccession  of  his  ideas.  He  hears,  for  example,  the 
report  of  a  pistol,  but  he  is  not  alarmed  bj  it ;  for  the  sound, 
though  distinctly  enough  perceived,  doea  not  suggest  any  idea 
of  danger  or  injury.  There  is  accordingly  no  power  of  forming 
mental  s^ociations,  nor  of  perceiving  the  relation  between  ex- 
ternal objects.  The  memory,  more  particularly,  is  altogether 
destroyed,  and  the  recollection  of  sensations  is  not  retained  from 
one  momeut  to  another.  The  limbs  and  muscles  are  still  under 
the  control  of  the  will,  but  the  will  itself  ia  inactive,  because 
apparently  it  lacks  its  usual  mental  stimulus  and  direction." 

I  think  the  facts  may  be  interpreted  differeutly  and  more 
oorrectly.  The  turning  round  of  the  animal's  head  on  the  ex- 
plosion of  a  pistol,  and  m.tuy  other  movements,  may  be  alto- 
gether reSex,  degieuileot  on  irritations  communicated  to  the 
cranial  portion  of  the  spinal  cord  through  the  tympannm. 
Again,  that  the  pigeon  should  open  its  eyes  with  a  vacant  stare, 
or  apparently  fix  them  on  an  object,  is  no  proof  of  sight.  We 
constantly  do  these  things  ourselves  with  the  brain  entire,  and 
see  nothing.  Lastly,  that  the  limbs  and  muscles  are  under  the 
control  of  the  will,  while  the  will  is  inactive,  appears  to  be  con- 
tradictory language.  One  of  the  moat  active  operations  of  the 
will  is  to  direct  motion  ;  and  to  say  of  a  bird  which  flies  away 
on  the  production  of  the  slightest  noise  in  health,  hut  does  not 
move  on  the  discharge  of  a  pistol,  that  in  the  latter  case  its 
limbs  and  muscles  are  still  under  the  control  of  the  will,  appears 
to  be  a  most  unfounded  conclusion.  The  truth  evidently  is,  that 
there  is  no  will,  no  sensation  in  such  a  case,  any  more  tlian  there 
is  in  a  sensitive  plant,  which  shrinks  on  being  touched,  but 
which  surely  cannot  be  said  to  exercise  either  tlie  one  mental 
faculty  or  the  other. 

Palholoffieal  raalU. — The  general  residts  of  pathological  and 
clinical  observation  confirm  those  obtained  by  experiment 
Thna  disease  of  the  membranes,  especially  meningitis  over  the 
hemispheres,  occasion  delirium,  which  passes  into  coma.  If  it 
be  limited  to  the  base  or  meduUa  Mongala,  it  causes  convulsions 
and  paralysis,  or  lesions  of  motion. 

Many  remarkable  cases  of  injury  the  human  brain  has  sua- 
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tained  have  been  published,  whith  shew  that  the  hemispheres 
are  in  theiUKlvea  iiiBeiisible.  If  universally  diseased,  the 
fOBult  haa  been,  as  in  the  lower  Mi'mqln,  complete  1u«e  of  mind, 
volitioD,  and  senaation.  The  same  ocoira  if  general  pressure  is 
applied,  as  in  cases  of  fracture  of  the  cranium  with  depreaaion 
of  bone.  Maiiy  examples,  however,  are  known  where  partial 
destruction  oF,  or  pressure  on,  the  cerebral  lobes  haa  not  perma- 
nently injured  the  intelligence.  Thus,  1.  A  gun  exploded  in 
the  Imnda  of  a  man,  eet.  33,  and  a  pieue  of  iron  entered  the 
frontal  bone,  and  destroyed  a  considerable  portion  of  both  an- 
terior and  cerebral  lobes.  From  this  injury  he  recovered  with- 
out any  per«:ptible  injury  of  mind."  2.  A  boy,  wt.  11,  was 
kicked  by  a  horse,  so  as  to  occasion  fracture  of  the  m  frontit, 
and  pulta«eous  softening  of  both  anterior  lobes,  as  was  proved 
by  post-mortem  examination.  He  lived  forty-three  days  aftei 
the  accident,  ajid  was  perfectly  intelligent  up  to  one  hour  of  his 
death.f  3.  An  artist  had  spectral  illusious  and  blindness  for 
years,  but  was  quite  intelligent  till  he  waa  seiaed  with  apoplesy, 
of  which  he  died.  Both  anterior  lobes  of  the  brain  were  de- 
stroyed by  a  mass  of  hydatid  cystB-t  4.  A  wig  maker,  SBt.  80, 
WBa  viery  laquaciou!i,  but  otherwise  perfectly  intelligent,  and 
died  suddenly  in  the  Charity  Hospital  of  Paris.  On  poai-mor- 
tem  examination,  both  anterior  lobes  of  the  brain  were  the  seat 
of  a  Bchirroua  tumour.^ 

Thus  partial  destruction  of  a  conaiderable  portion  of  the  cere- 
bral lobea  does  not  necessarily  destroy  intelligence,  nor  does 
(lortial  destruction  of  the  white  matter  necessarily  interfere 
with  its  conducting  properties.  Then  there  are  many  cases  of 
large  chronic  abeceaaes  or  of  pultaceous  softenings  in  the  white 
matter  of  one  or  both  cerebral  lobes,  in  which  there  haa  been  no 
pat&ljeis,  and  no  impairment  of  sensation  nor  voluntary  motion. 
In  all  Buch  cases,  some  of  the  conducting  tubules  have  escaped 
the  morbid  action,  and  have  been  suffideut  t 
transmitting  power.  In  no  case,  however,  where  the  e 
gray  matter  of  the  convolutions  nor  of  the  white  matter  of  the 
hemispheres  have  been  destroyed,  has  the  intelligence  or  con- 
ducting power  remained  uninjured. 
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There  cftn  be  do  doulit  that  the  relation  lietween  the  mi 
cukir,  nuclear,  and  cell  elements  of  the  hemispherical  gtingli 
as  the  inatniment  of  mind,  must  be  most  important ;  and  yi 
I  am  not  acqoaiuted  with  aaj  one,  who,  having  first  qualifi< 
himself  for  the  toak  by  a  prolonged  and  careful  study  of  hif 
logy,  has  investigated,  on  a  sufficientJy  extensive  scale,  the  ' 
in  caaea  of  insanity.    Psychologists  content  tbemBelves 
repeating  well-known  clinical  ubservaticme,  with  the  01 
morbid  anatomy  or  density  of  the  brain,  and  with  the 
physicnl  Hpeciilations  which  have  been  pushed  as  far  as, 
further  than,  human  intellect  can  carry  them.     Need  we  ft 
surprised  that  the  true  pathology  of  insanity  is  unknown 
Wliat  we  desiderate  is  a  careful  scrutiny  of  the  organ.    Hithei 
the  difBcultiea  of  such  an  investigation  have  been  inaumiouut- 
able,  in  consequeiice  of  our  imperfect   methods  of   research. 
But  let  any  one  posaessing  a  competent  knowledge  of  histology, 
and  the  use  of  our  best  microscoiiev,  with  the  opportunities  out 
large  asylums  ofler,  only  bow  dedicate  himself  to  the  task,  and 
he  may  Iw  assured,  that  while  extending  the  bounds  of  science 
he  will  certainly  obtain  an  amount  of  fame  and  honour  tliat  fei>!< 
can  Lope  to  arrive  at,     The  molecules  on  which  muscular  con- 
troctility  depends  are,  as  we  have  seen,  visible  molecules,  tuul 
so  I  believe  are  those  in  the  hemisphericid  ganglion,  so  ei 
tially  connected  with  the  fuuctious  of  the  brain. 

From  the  various  facts  now  known,  I  think  it  may  be 
eluded  that  the  cortical  substance  of  the  cerebral  lobes  furnishes 
those  conditions  which  are  necessary  for  thought,  including  all 
mental  operations,  senantion  and  volition.  Further  than  this 
we  are  not  wzuranted  iu  going,  for  the  facts  which  establisll 
these  great  conulnsions  entirely  negative,  as  we  shall  see,  aH 
those  theoriea  which  have  been  advanced  having  for  their  objeoti 
a  localisation  of  the  different  faoilties  Luto  which  the  mind  haa 
beep  arbitrarily  divided. 

The  Mtntol  FacuUia. — When  we  endeavour  to  determine 
these,  and  separate  the  reasoning  powers  from  instinctive  ac- 
tions, the  difficulty  of  the  inquiry  seems  at  first  to  be  over- 
whelming. To  analyse  the  intricate  conibinations  of  our  own 
minds  is  a  difficult  task  ;  but  bow  much  more  laborious  is  it  to 
study  the  variations  in  the  minds  of  others,  and  to  iiivestigata 
the  hubits  of  the  countless  tribes  of  animals  with  the 
distinguishing  which  depend  on  I'eason,  and  which  0 
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ioatinct !  The  attempts  of  metApliysiciaiiH  in  this  direction  are 
not  aaliafitcUiry,  At  llie  fomiuenceiuent  of  tlie  pi-esent  centuij, 
DugiJd  Stewart  considered  the  mental  faculties  to  be  Coii- 
BcioUHnesa,  Perceptiou,  Attention,  Conception,  Abatroction, 
Aaoctation  uf  Ideas,  Memory,  Imagination,  and  Judgmont  or 
fWasaniug.  To  these  Le  added  the  AjfectiouB,  Deaii'es,  Self- 
love,  and  the  Moral  Fiunilty. 

His  successor  in  thia  University,  Dr  Thumaa  Brown,  divided 
Mental  Plionomenu  (1622)  into  two  greitt  divisions,  viz.,  the 
external  affections  and  internal  affections,  The  external  com- 
prehend all  our  senaatioDs,  and  the  internal  are  divided  into 
two  Iiranchca,  the  one  int^^llectual,  the  other  emotiouol.  Under 
the  intellectual  states  we  have  simple  and  relative  suggeiitiona, 
and  under  emotional  states  we  have  all  the  passions  and  desires. 
This  dassification  is  more  compreLensive  than  that  of  Stewart's, 
recognising,  as  it  does,  however  dimly,  the  necessity  of  conjoin- 
ing phyaiological  facts  with  metaphysics. 

In  recent  times  it  has  been  niaiulAined  that  the  study  of  mind 
ought  not  to  be  considered  tm  a  branch  of  transcendental  philo- 
sophy, but  BA  a  positive  science,  called  Fnychology ;  and  those 
who  have  thus  cultivated  it,  instead  of  multiplying  the  mental 
faculties,  liave  contracted  them  under  three  heads,  viz..  Intel- 
lect, Senaittion,  and  Volition.  The  various  modes  of  consider- 
ing and  upplying  these  faculties  by  Sthelling,  Hegel,  and  others 
in  Qermauy,  by  Royer  CoUord,  Cousin,  and  others  in  France, 
and  b;  HamilUin,  Mill,  Bain,  Morrell,  Maudesley,  and  others  in 
this  country,  constitute  a  wide  field  of  knowledge,  which  occupies 
two  chairs  in  this  University  under  the  names  of  Moral  Philo- 
sophy and  Logic.  I  can  only  briefly  give  a  summary  of  the  results 
(For  the  relation  existing  between  mind  and  brain,  see  p.  ISO.) 

At  present,  then,  we  may  couveniently  consider  Utat  the 
mental  faculties  ikre  of  tliree  kinds— 1st,  Purely  intellectual— we 
think  ;  2d,  The  sensations — we  feel;  3d,  Volition — we  will,  we 
determine. 

1.  InlMect. — Of  the  intellectual  faculties  there  is  a  general  or 
predominant  one,  viz.,  Co>ufu>u»i«t».  It  is  the  rgo  or  idea  of 
our  own  existence,  and  which,  influenced  in  various  ways, 
causes  the  other  mental  faculties.  Thus,  if  directed  to  Ihu 
present,  it  is  Fenvption  ;  if  it  recals  the  past,  it  is  Memory  ;  if 
it  BOggoeU  the  ideal,  it  is  Imagination  ;  if  applied  to  thought 
synthetically,  it  is  Generalization — if  analytically,  it  is  Reatoii' 
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ing:    if  it  originate  ideas  intuitively,  it  ia    Original  Concep-  I 

2.  Thi  Sentationi  are  of  two  kinds,  physical  and  mental  ;  thsit  I 
is,  we  can  feel  pain  or  pleaenre  frgm  physical  agents  or  from  f 
mentAl  operations.  The  physical  sensations  are  Touch,  Taite,  I 
Smell,  Hearing,  Sight,  and  the  ifaicuiar  aenit,  or  semt  <^  leeight.  J 
The  mental  sensations  are  Hopt,  Fear,  Orief,  Pride,  LoM^M 
Haired,  Daire,  Aversion,  Joy,  Sorrw,  Despair,  Audacity,  Caw^M 
age,  &c.  To  these  inay  be  added  Self-love,  or  Vanitg,  and  thttl 
Moral  Facidty — a  feeling  of  being  right  or  wrong. 

3.  Voiitiim. — Seuattion,  aa  we  have  preriouBly  seen, 
conaciousneas  of  aa  impression,  and  the  same  relation  that  t 
influence  has  to  eonsciousnesa  volition  has  to  eenaation. 
will,  there  must  be  an  object,  physical  or  mentaL  Thus  will, 
directed  to  the  muecleB,  causes  mbrntary  motion  ;  if  to  sensation, 
alUntion  ;  if  to  thought,  abstraction,  or  concentration  of  ideas. 

Threnology. — -Gall  and  Spuraheim  have  divided  mind  into 
thirty-three  faculties,  to  which  Mr  Combe  added  two  mora, 
making  thirty-five  in  all.  These  are— 1st,  AmaCiveneu;  2d,  I 
PkUoprogenitivtntu,  or  love  of  ofiapring  ;  3d,  Conctntrativfneu,  ' 
or  the  power  of  continuing  impreeaious  and  ideas;  4th,  AdlH' 
givenea,  or  the  desire  to  attach  ourselves  to  persons  or  objects  ; 
5th,  Combativejitii,  or  the  inclination  to  fif{ht  and  be  embroiled 
in  contentions  ;  Gth,  Deilructivenui,  or  the  desire  of  deatroying 
life  ;  7th,  Con4tnictivt:neM,  or  a  disposition  to  apply  oneself  to 
the  mechanical  arts  ;  8th,  Coitetotuntit,  or  the  desire  to  covet,  to 
amass,  or  acquire  ;  9th,  Sicretivei\e»i,  to  conceal ;  10th,  Self- 
Esteem,  or  self-love  ;  11th,  Lone  ofApprobatioJi,  or  the  pleasure 
we  derive  from  the  commendations  we  receive  from  others  ; 
19th,  Cautioamets ;  13th,  Benevolence,  or  meekness  and  gentle- 
ness of  diapoaition  ;  14th,  Vrmration,  by  which  we  worship  the 
Deity  and  material  objects  ;  15th,  Hope;  16th,  Idtality,  or  tbe 
poetical  diaposition  ;  ITtb,  the  faculty  of  Conadentiouineu,  or  <f  1 
justice  and  equality;  leth,  Determinatieaitst,  or  Brmnesa  of  J 
character  or  purpose  ;  19th,  Indiniduatiti/,  or  the  power  we  pofl> 
seas  of  knowing  external  things  ;  20th,  Form,  by  which  we  take 
cognisance  of  the  forms  of  external  objects  ;  Slat,  Siie,  that 
powerwhich  seizes  hold  of  dimenNious  ;  22d,  Wdght,  that  facility 
by  which  we  estimate  weight,  density,  resiatonce,  &c.  ;  33d, 
ColoaT,  the  faculty  of  perceiving  colours ;  24th,  Spttce  or  Lo- 
catitj/,  the  power  of  local  memory  ;  2QtU,  Ordtr,  or  a  love  of 
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m^lhodica]  MrangPiQeDt  ;  26th,  T'l'mt,  or  the  faculty  vhich 
enters  into  specuktioOB  on  dumtion  ;  2Tth,  dumber,  or  the 
[wwer  of  calculatina  ;  2StIi,  Tunt,  or  the  perception  of  muaic&l 
tone  ;  SDtb,  Language,  the  faculty  by  which  we  learn  nrttficlBl 
signs  i  30th,  Comparison,  by  which  we  recognise  Uifferencea, 
lUialogiaa,  similitudes,  Ic.  ;  3l8t,  CauMtili/,  that  power  which 
directs  our  nttention  to  the  causes  of  things  ;  32d,  ITif,  the 
faculty  of  jesting,  raillery,  mocking,  S^c  ;  33d,  Imitalion,  the 
power  of  imitating  Hounds,  gestures,  manners,  &c.  These  ai-e 
the  sereral  faculties  of  mind  laid  down  by  Drs  Gall  and  Spun- 
heim  ;  bitt  to  this  catalogue  Mr  Comlw  has  tulded  two  others, 
— 34th,  iVondtr,  or  that  which  relates  to  the  marrellouH,  super- 
mitural,  &c.  ;  and  35th,  Eventuality,  or  that  which  t&kes  cog- 
nisance of  changes,  events,  and  active  phenomena. 

The  objections  to  this  division  of  the  mental  faculties  are, — 
1st,  It«  complexity  ;  and  according  to  the  phrenological  system, 
one  faculty  is  considerably  influenced  by  othera  ;  so  that  com- 
pound cLaractere  may  be  easily  mnjiufactured  at  will,  and  thus 
numerous  sources  of  fallacy  thrown  open.  Sd,  It  Is  redundant 
in  some  faculties,  and  deficient  in  others.  It  is  redundant,  for 
instance,  in  having  two  organs  for  Form  and  Size,  for  Comba- 
tiveuess  and  Destructivenesti,  for  Cbueolity  and  ConceutrBtive- 
nesB.  Each  of  these  two,  if  not  identical,  are,  at  all  events, 
closely  allied.  It  is  deficient  in  having  no  such  facultiee  as 
Memory,  Iteadoning,  and  Judgment,  which  every  mim  is  con- 
scious he  possesses.  But  it  is  said  that  every  organ  has  a  power 
of  rememberiug,  reasoning,  and  judging  ;  so  that  there  are 
other  faculties  which  govern  or  attend  upon  all  the  tlurty-five 
organs,  There  ore  also  obvious  deficiencies  in  the  propensities 
or  iustincla  ;  for  mankind  not  only  love,  steal,  fight,  kill,  secrete, 
and  build,  but  run,  swim,  walk,  talk,  sing,  learn,  and  so  on, 
which  have  no  place  in  the  jihrenological  system.  Perhaps 
there  ia  no  instinct  so  strong  in  man  and  uiiimalH  as  that  of  self- 
preservation,  and  yet  this  has  no  organ  ascribed  to  it  by  the 
phrenologists.  As  a  jihilosophical  and  metaphysical  system  of 
the  mental  faculties,  therefore,  the  classifications  of  Stewartond 
Brown  seem  to  us  greatly  snjierior,  especially  in  all  the  higher 
properties  of  the  intellect  ;  although,  so  far  as  the  instincts  and 
paamoos  are  concerned,  they  are,  perhaps,  inferior. 

The  individual  mrnlal  facnltia  cannot  lie  localited. — If  o«r 
knowledge  of  what  the  fucultiei  of  the  mhid  really  Bs«,  uA 


how  they  ehould  be  divided,  is  bo  imperfect,  it  may  appesjf 
uunecesaary  to  attempt  to  determiue  in  what  part  of  the  brftin 
each  is  situated.  As  might  be  expected,  all  sach  effortH  have 
failed.  That  the  braiii  furniahea  the  conditions  neeewary  for 
the  evolution  and  manifestation  of  mind,  we  have  seen,  is  eatab- 
tished  ;  and  that  the  gray  matter  originates,  whilst  the  white 
matter  conducts,  the  influences  generated,  we  have  alao  Hhewn 
to  be  highly  probable.  But  we  have  no  facts  which  point  o\Ai 
that  Memory,  ConsciousneaH,  Judgment,  Reasoning,  or  similar' 
faculties  belong  to  one  part  of  the  cerebral  convolutions  more 
than  to  unotlier.  Gnli  and  his  followers  have  localised  all  the 
thirty-five  faculties  into  which  they  have  divided  the  mind. 
He  observed  that  certain  individuals  who  displayed  mental 
powers,  moral  feelings,  or  particular  propennities,  had  a  fulness 
or  prominence  in  a  certain  part  of  the  anterior,  middle,  or 
posterior  third  of  the  cranium.  £y  paying  atteation  to  the 
principal  chnruct^ristics  of  remarkable  men,  and  the  living 
habits  of  animals,  he  found  that  this  fulness  or  promiueac* 
coincided  in  a  number  of  ciises  ;  and  he  concluded  from  thai 
that  the  function  of  brain  which  existed  below  the  prominenM 
was  the  organ  giving  rise  to  the  characteristic  faculty.  He 
then  sought  to  confirm  his  theory  by  anatomy,  physiology, 
and  pathology  ;  and  he  and  his  disciples  have  accumulated  an 
immense  number  of  these  coincidences,  which  they  believe 
sufficient  to  establish  the  phrenological  theory. 

But,  proceeiling  on  the  principles  which  tlie  phrenologists 
themselves  have  laid  down,  it  is  easy  to  shew  that  the  eice]>- 
tions  ore  as  uumerous  as  tlie  coincidences  ;  whilst  the  other 
modes  of  inquiiy  to  which  wc  have  alluded, — namely,  anatomy, 
the  results  of  experiments  on  living  animals,  and  the  observa- 
tions of  the  symptoms  of  disease  as  compared  with  the  appear- 
auces  presented  after  death, — not  only  give  no  B«pi>ort,  but  are 
directly  opposeil  to  the  views  of  Gall.  Thus  some  remarkable 
skulls  in  the  Museum  of  the  University  of  Edinburgh  are,  ou 
the  principles  of  the  phrenologists  themselves,  entirely  opposed 
to  their  doctrines.  Of  these,  among  many,  we  would  point  U> 
the  skulls  of  Burke  (Plate  XV.  fig.  5),  Pep.i  {Fig.  6),  and 
Haggart  (Fig,  7),— all  three  remarkable  murderers,  with  D«- 
structiveuess  small  ;  and  the  last  a  most  dexterous  thief, 
Acquisitiveness  small.  Tlie  -flattened  appearance  of  the  c 
of  Zfestructivenesa  in  these  skulls  contrasts  remarkably 
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the  ordinary  type  of  Saxon  skull  (Fig.  8).  Anatomy  proves 
that,  wtiile  the  lower  vertebrate  animals  poaHeHH  tlie  luiterior 
and  middle  lobea  of  the  brain  well  developed,  which  are  said  to 
be  the  Beat  of  the  intellectual  faculties  and  moral  sentiments, 
ttiey  are  deficient  in  those  parts  where  Love  of  O&pritig,  Adbe- 
aiventaa,  Destructiveness,  and  Combativeneaa  are  fouDd,-~facts 
wholly  incompatible  with  the  tbeory  of  Gall.  In  the  same 
manner,  the  great  mnjority  of  facts  derived  from  physioiogicnl 
and  pathological  research  give  no  support  to  phrenology.  We 
have  previously  seen  how  several  cases  prove  that  both  ante- 
rior lobes  of  the  tiraiu,  where  the  phrenologists  have  placed  the 
higher  mental  (acuities,  may  be  completely  destroyed  without 
affecting  the  intellect.  (Se«  p.  297.)  Although,  therefore,  this 
doctrine  is  unquestionably  founded  npon  a  large  nnmber  of 
data,  it  cannot  lay  claim  to  a  correct  localisation  of  the  mental 
fkcDltiea  in  any  way  sujierior  to  other  systems,  which,  tike  those 
di  Camper  and  Lavater,  have  beeu  advanced  by  ingenious  men, 
have  excited  attention  for  a  season,  and  been  ultimately  aban- 
doned as  inconsistent  with  the  present  state  of  our  knowledge. 
The  names  of  Oall,  Spurzheim,  and  Combe,  notwithstanding, 
ought  ever  to  be  registered  among  those  whose  labours  have 
greatly  contributed  t«  advance  our  knowledge  of  the  physiology 
of  the  btaiu. 

Cekebelll'u. 
liutologiatl  raulti. — The  ganglionic  surface  of  the  cerebellum 
is  strflcturally  altogether  unhke  that  of  the  cerebrum.  On 
looking  at  a  well-muile  vertical  ae(.-lion  of  the  former,  prepared 
after  the  methml  of  Lockhart  Clarke,  and  steepeil  in  carmine, 
under  a  magnifying  power  o{  i&  diameters,  the  fine  tubular 
substance  in  the  centre  is  seen  to  be  bounded  extemuUy  by  a 
granular  layer,  outside  which  ia  a  idw  of  nerve  cells  with 
bnincbed  processes  gradually  tei'minating  towards  the  margin 
of  the  ext«rior  layer,  which  is  finely  molecular.  On  increasing 
the  magnifying  power  to  250  diameters,  we  we  more  distinctly 
the  rclatiuu  of  these  various  parts  to  one  another,  and  recognioe 
in  tho  interior  of  each  granule  on  included  rounded  body. 
(Se«  Plat«  XT.  fig.  £.)  According  to  Gerlach,  these  corposcles 
are  united  to  one  another  by  a  slender  filament,  which  he  tuu 
figured  in  a  hypothetical  diagram-  Although  such  an  appear' 
anue  a«  he  has  imagined  cannot  lie  discovered  in  the  natural 
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structure,  I  have  seen  the  tub«a  running  between  the  granulM, 
and  traced  them  to  the  external  margiu  of  the  granular  luyer. 
The  external  layer  is  the  structure  which  demands  tlie  greateat 
attention.  (Fig.  S,  a.)  It  la  composed  eeseutially  of  a  fiuelj 
molecular  mass,  contaiaiog  numerous  capilLuHea  derived  from 
the  vessels  of  the  meainges.  Large  gangUonic  cells  external  to 
the  granular  layer  send  off  branching  proiessee  towards  the 
circumference,  which  are  gradually  lost  as  they  proceed  out- 
wards. Both  in  tbe  external,  as  well  as  in  the  iutemid  layers, 
the  baBiB  of  the  texture  is  evidently  moUcular — a  fact  wliieh 
hitherto  haa  received  far  too  little  attention. 

Expa-iriuntal  rttvltt. — If  the  cerebellum  be  removed  grada- 
ally  from  a  pigeon  in  successive  slices,  there  is  progressive  cir- 
cumscription of  the  locomotive  actions.  On  taking  away  only 
the  upper  layer  there  is  some  weakness  and  a  hesitation  in  its 
gait.  When  the  sections  have  reached  the  middle  of  the  organ, 
the  animal  staggers  much,  and  assists  itself  in  walking  with  its 
wings.  The  sections  being  continued  further,  it  is  no  longer 
able  to  preserve  its  equilibrium  without  the  assistance  of  its 
wings  and  tail  ;  its  attempts  to  fly  or  walk  resemble  the  fmit- 
less  efforts  of  a  nestling,  and  the  slightest  touch  knocks  it  over. 
At  last,  when  the  whole  cerebellum  is  removed,  it  cannot  sup- 
port itself  even  with  the  aid  of  its  wings  and  tail ;  it  niak«a 
violent  efforts  to  rise,  but  only  rolls  up  and  down ;  then, 
fatigued  with  struggling,  it  remains  for  a  few  seconds  at  rest 
on  its  back  or  abdomen,  and  then  again  coniraences  its  vain 
struggles  to  rise  and  walk.  Yet  all  the  while  its  eight  and 
hearing  are  perfect.  The  slightest  noise,  tlireat,  or  stimulus,  at 
once  renews  its  contortions,  which  have  not  the  slightest  ap- 
pearance of  convulsions.  (Plate  XV.  lig.  4.)  These  effects, 
first  described  by  Flourens,  have  been  cou^rmed  by  all  experi- 
menters, and  occur  iu  all  animals.  The  results  contrast  very 
strongly  with  those  of  the  much  more  severe  operation  of  re- 
moving the  cerebral  lobes.  "  Take  two  pigeons,"  says  Longet  j 
"from  one  remove  completely  the  cerebral  lobes,  and  from  the 
other  only  half  the  cerebellum  ;  the  next  day  the  lii-Bt  will  be 
firm  upon  its  feet,  the  second  will  exhibit  the  unsteady  and 
uncertain  gait  of  dnmkeonesB." 

These  facta  induced  Flourena  to  consider  the  cerebellum  aa 
the  co-ordinator  of  motion,  in  which  view  he  was  supported  by 
the  late  Dr  Todd  and  others.     Foville,  on  the  other  hand, 
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supposed  it  to  b«  tlie  aeat  of  aenaation,  niui  argued  that, 
ill  bj  means  of  lliia  functioii  tbat  we  regulate  muBCulur  mi 
■o,  when  It  in  destroftHl,  ihe  faculty  of  percciviug  the  i 
roeota  being  lost,  we  caoaot  answer  for  their  precieion  or  dura- 
tion. Tbat  it  ahould  be  the  seat  of  aenaatiou  geueraHj  ia 
di^roved  by  the  fact  that  the  miiiiiBi  is  evidently  couscii 
imprceaions  after  its  removal  ;  but  Uut  it  sliould  be  the  organ 
of  tbat  peculiar  seiue,  which  boa  been  varioualy  called  "  niua- 
CtUar  aeuge,"" senise  of  resistjuice,"  and  "sense  of  weiglit,"  is 
very  probable.  Accordingly  we  find  th&l  Professor  Luasana,  of 
Parma,  bus  brougbt  together  all  the  arguments  wbicb  exist 
M  to  tbis  matter,  along  with  numeroua  original  observatiuDs, 
confirmatory  of  the  view  that  the  cerebellum  does  indeed  regu- 
late motion,  but  in  cousequence  of  its  beiug  tbe  seat  of  ibe 
muscular  sense.* 

It  has  been  suggeetMl  by  Carpent«r  ttad  Dunn  that  tbe  eor- 
put  d*Malam  iu  the  oerebelluin  ie  the  ganglion  which  is 
coniiect«d  witb  thia  aeuae,  a.  view  rendered  improbable  by 
Brown  Sdquard's  analysis  of  cases  wbere  the  organ  was  diseased. 
I  submit  that  the  function  ia  seated  in  the  external  layers  of 
grey  matter  mtber  than  iu  the  corpus  ileutatum — a  theory  Ut 
wbich  tbe  same  objections  do  uot  apply.  Mind  frequently 
remains  when  portions  of  tbe  hemispberical  ganglion  are  in- 
jured, although  we  know  of  no  instance  iu  wbich,  where  the 
wbole  of  it  has  been  diseased,  intellect  has  been  preeerred.  So 
tbe  co-ordinating  motor  power  may  remain  when  parts  only  of 
the  cerebellar  leaflets  are  destroyed,  but  is  oertaiuly  lust  when 
the  whole  gray  matter  is  diseased.  That  the  cerebellum,  there- 
fore, is  connected  with  a  special  sense,  tbrough  which  it  influ- 
ences tbe  co-ordinate  action  of  tbe  muscles,  is  a  doctrine  worthy 
the  utlentiou  of  physiologists.  Its  external  layers  of  grey  mat- 
ter, constituting  a  complex  ganglionic  structure,  liaa  probably 
the  same  relation  to  the  muscular  sense  as  the  hemispherical 
.ganglion  has  to  sensation  in  geueraL 

Pathological  raiUU. — Diseaaee  of  the  cerebellum,  sucb  a* 
extravnaatious  of  blood  into  its  subst&uce,  softeningH,  tumour*, 
tubercular  deposito,  oitbough  they  generally  have  as  a  syniptom 
paralysis  or  convulaious,  these  are  often  well  maiked,  and  ore 
very  violent  from  apparently  trifling  lesions,  and  are  as  often 
slight  when  tbe  whole  or  greater  portion  of  tbe  organ  has  bwu 
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completely  (liHorganiBed.  The  result  of  pathological  inquiiy 
throws  no  light  ii]Kin  any  of  the  proposed  fiinctiooB  of  the  cere- 
bellum. In  two  remarkable  casee  where  it  waa  atrophied,' 
although  there  were  epileptic  and  other  ranvulidona,  co-ordina- 
lion  of  motiou  existed  in  the  iutervals.  According  to  Gall,  the 
cerebellum  is  the  seat  of  the  seiuid  instinct.  This  was  not  only 
present  but  eaceaaitre  in  both  the  cases  referred  to,  shewing  that 
diminution  in  the  size  of  the  organ  did  not  produce  diminu- 
tion of  the  alleged  function.  In  a  aingnlar  cranium  in  our 
Uuiveraity  Museum,  the  prominence  over  the  organ  of  amative- 
uess  is  remarkable  (Plate  XV.  &g.  9),  but  on  diasection  thtt 
cerebellum  waa  found  to  be  normal,  the  enlargement  being 
cnuaed  by  thickening  of  the  bone,  and  great  distension  of  th« 
Torcidar  Hrrophili. 

CoHFoRA  Striata  and  Optic  Thalami. 

These  parts  of  the  encephalon  consist  of  masaes  of  ganglionic  I 
matter  differently  arranged,  connected  with  the  spinal  cord  I 
below  and  the  cerebrum  above.      The  corpus  striatum  ii 
front  of  the  optic  thalamus,  but  a  portion  of   ita  substance   j 
goes  backwards  and  over  it.     This  intimate  relation  of  the  two 
ganglia  renders  it  difficult  to  experiment  upon  one  without  ii 
juring  the  other.    In  the  same  way,  disease  of  one  is  liable  to 
influence  the  other,  and  in  either  case  bemiplpgiA  ou  the  opposits 
side  of  the  body  is  the  general  result.    It  follovrs  that  as  yet  we 
have  no  means  of  detenniniiig  with  certainty  the  functions  d 
each  ganglion,  although  it  is  probable  that  the  corpora  striata 
are  connected  with  voluntary  combined  movements,  and  the 
optic  thulami  with  sensation  and  with  the  sense  of  sight,  but 
not  exclusively  so. 

Dr  Todd  says  of  these  bodies  : — "  The  corpora  striata  and 
anterior  bonis  are  centres  of  motiou ;  the  optic  thalami  aod 
poaterior  horns  are  centresof  sensation.  The  anterior  pyramids 
connect  the  former  ;  the  olivary  columns,  and  perhaps  som^- 
fibres  of  the  anterior  pyramids,  the  latter."  He  further  argues 
"  that  the  intimate  connection  of  sensation  and  motion,  whereby 
sensation  becomes  a  frequent  exciter  of  motion,  and  voluntaiy 
motion  is  alwnyi;,  in  a  state  of  health,  attended  with  sensation, 
would  il  priori  lead  us  to  look  for  the  respective  centres  of  tbeM 

•  By  Combeltc,  CiuTvcUhlcr'i  Aimt.  Putholos.  Uv.  iv.PUto  V. ;  b;  HfdiiSU- 
tar,  Tnni.  uf  Lood.  FBihtpEo^,  Soc.  vol-  It-  p.  31. 
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two  great  faciiltiei,  not  only  in  jiwtapoaition,  but  ii 
le&fit  a.B  intimate  as  that  whii'li  esiata  betweeu  tbo  corpus  stria- 
tum and  optic  thalnmua,  or  between  the  anterior  and  the 
posterior  boros  of  the  spinal  gray  matter."  That  motion  aod 
sensation  are  ioUmately  connected  with  these  Inxlica,  there  caii 
be  no  doubt,  but  that  volition  or  sonsation  resides  in  thent,  or 
have  their  centres  there,  is  opposed  to  all  we  know  of  the  nature 
pf  Tolition  and  sensation,  as  well  as  to  the  facts  connected  with 
the  cerebral  lobes  previously  noticed.    (See  pp.  20(1,  297.) 

Corpora  QtTAj>nio£MiNA. 

These  ganglia,  from  their  inlimste  connection  with  the  Optic 
nerves,  have  also  been  called  optic  luberclti,  and  been  supposed 
to  have  some  special  relation  to  the  sense  uf  vision.  Flourans 
determined  that  deNtructiun  of  tliese  on  one  side  was  followed 
by  loss  of  sight  on  the  opposite  side,  and  that  their  removal  on 
both  sides  deprived  the  animal  of  vision,  without  affecting  the 
locomotive  or  intellectual  powers,  and  leaving  all  sensibility, 
except  to  light,  uDiitfecteJ.  Thuir  total  removal  alao  paralysed 
both  irides.  Similar  residts  biive  f'lllowed  disease  of  theee 
bodies,  but  it  must  be  remembered  that  like  effects  have  fol- 
lowed lesions  of  the  optic  tracts,  of  the  tholami,  of  the  cerebel- 
lum, and  indeed  of  other  parts  of  the  brain  and  medulla 
oblongata.  We  canuot,  therefore,  suppoae  them  to  be  exclusive 
centres  of  the  sense  of  vision,  or  uf  those  movemente  in  the 
irides  which  are  so  necessary  to  sight,  as  Floureus  suppoeed. 

Rotatory  and  other  ctmvvliivc  mavtmaUi. — When  injuries  of 
these  tubercles  are  deep,  so  as  to  reach  the  medulla  oblongata, 
with  which  they  are  intimately  connected,  general  convulsive 
movements  are  produced.  If  the  injury  is  only  on  one  side,  the 
opposite  side  of  the  body  only  is  affected.  Sometimes  the 
aoimal  rolU  round  its  boily  towards  tlie  injured  side.  Similar 
turnings  were  produced  by  Magendie  on  cutting  across  the  cn^s 
cerebelli,  but  were  much  quicker,  the  animal  often  making  sixty 
revolutions  in  a  minute.  On  puncturing  the  corpora  ()uadri- 
gemiua  and  the  (lotis  Varolii  with  a  pin,  on  the  left  side,  Brom 
S^uard  found  tlmt  tbo  right  eye  was  convulsed,  while  the  other 
waa  normal.  Them  was  also  turning  simihir  to  what  is  often 
•een  practised  in  the  manfgt.  The  animal  moves  uduwaya,  and 
deacribes  a  circle,  with  its  body  forming  pait  of  its  radius,  tlie 
head  at  the  circmnfeteoce,  and  the  tail  towards  the  centre  of 
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the  circle.  According  to  Miigendie,  certain  injuries  to  the 
cerebellum  cause  tlie  Riiiimal  to  push  itself  backwards,  wUIst 
injuries  to  tbe  corpora  striata  Oiblige  it  to  rush  forwards.  Turn- 
ing movements  have  been  induced  by  Flourens,  after  injuring 
the  semicircular  canals  of  the  ear  in  birds.  Longet  has  caused 
them  in  pigeons,  b;  evacuatiug  the  hiunour  of  the  eye.  Similar 
Qonvitlitions  have  occasiomiily  been  observed  in  man  as  the 
remit  of  disease,  especially  at  the  commeacement  of  epileptic 
attacks.  These  remarkable  movementa,  therefore,  are  probably 
occasioned  by  irritations  and  injuries  which,  by  producing  para- 
lyais  in  some  muscles,  and  convulsive  contractions  in  others, 
oblige  the  animal  to  move  in  certain  directions.  Vertigo  and 
partial  blindness,  however  caused,  may  assist  in  their  production. 


Pons  Varolii  and  Medclla  Oblongata, 
Thene  portitms  of  the  encephalon  possesB  the  same  function  u 
the  apinal  cord,  with  the  addition  of  being  more  essential  to 
life,  on  account  of  their  being  the  centres  (especially  the  latl«r) 
which  furnish  the  necessary  power  tor  maintaining  the  co-ordi- 
nate movements  of  respiration  and  deglutition.  It  is  by  arrest- 
ing respiration,  and  paralysing  the  functions  of  the  important 
organs  to  which  tbe  vagi  nerves  are  distributed,  that  sudden 
injury  to  the  medaUa  oblongata  proves  so  rapidly  fataL  Here  also 
occnrs  that  decussation  of  tbe  anterior  and  middle  columns  of 
the  cord  to  which  is  attributable  the  crossed  action  of  lesions  in 
the  cerebral  lobes— apoplectic  extrftvasations,  softenings,  &c.,  in 
the  right  cerebral  hemisphere,  causing  hemiplegia  of  the  left 
side,  and  vice  vena. 

Destruction  of  the  medulla  oblongata  in  the  hands  of  all  ex- 
perimenters has  caused  sudden  death,  but  removal  of  ths 
entire  brain  and  cranial  portion  of  the  cord  above  this  centre 
does  not  do  so.  The  vertebral  portion  of  tlie  cord  below  may 
also  be  removed  up  to  the  origin  of  the  phrenic  nerve,  without 
destruction  to  life.  In  amphibia  these  two  experiments  have 
been  combined,  and  yet  the  anim.iJ  will  continue  to  breathe,  and 
life  be  maintained.  But  when  the  medulla  oblongata  is  in- 
jured, respiration  and  life  at  once  cease.  Hence  the  humane 
efforts  of  the  hangman  in  this  country  to  cause  dislocation  of 
the  first  or  second  cervical  vertebra,  so  as  to  cause  immediate 
death. 


THE  SPINAL  CORD. 


The  Spinal  Cord, 

Hutological  rttvlu. — The  spinal  cord  has  two  portions — a 
cr&aial  and  a  vertebral.  The  former  consiBta  of  a  chain  of  gan- 
glia more  or  lesa  couiiected  with  one  another,  aa  well  as  witli 
the  cerebrum  above  and  the  vertobral  part  of  the  cord  below  ; 
the  latter  ia  composed  of  two  lateral  halves  divided  by  an  ante- 
rior and  posterior  fissure.  Each  lateral  half  is  subdivided  into 
three  colamnn — an  anterior,  inidtUc,  and  posterior— b^  the  two 
comua  of  the  central  iun»i  of  gray  matter,  in  which  are  numerous 
multipolar  ganglionic  cells.  Through  the  centre  runs  the  spinal 
canal,  lined  with  culiimuar  epithelium.  The  white  matter  of 
the  lateral  columns  is  composed  of  tubes,  which,  as  shewn  by 
Lockhart  Clarke,  on  being  traced  inwards  from  the  spinal 
nerves,  join  the  ganglionic  cells  iu  the  gray  matter,  and,  through 
them,  keep  up  a  communication — 1st,  with  the  opposite  lateral 
oolumns  ;  2d,  with  the  cerebrum  ;  and  3d,  with  the  anterior  and 
posterior  roots  of  the  nerves.  (Plate  XVI.  fig.  2.)  A  transverae 
section  of  the  tul)ea  of  the  cord,  abewiug  the  axis  cylinder,  and 
white  substance  of  Schwann,  is  given  Plate  V.  figa.  21,  22.  The 
multipolar  cells,  which  embedded  in  molecular  matter,  constitute 
the  gray  substance  of  the  cord,  are  similar  to  the  one  repre- 
■enud  Plate  III.  fig.  26,  t. 

Expaimtittal  raidCi. — Sir  Charles  Bell  distinctly  proved  by 
experiment  that  the  anterior  routs  of  the  spinal  nerves  were 
motor,  and  that  the  posterior  roots  were  seusitive.  On  dividing 
the  former  in  a  living  animal,  voluntary  motion  of  the  i>arU  to 
which  it  was  distributed  waa  lost  ;  on  dividing  the  latter, 
pricking  or  injury  to  those  parts  uaused  no  sensation.  On  irri- 
tating the  lower  cut  end  of  the  anterior  root,  convulsion  was 
produced  j  on  irritating  the  upper  end  of  the  posterior  root, 
pain.  He  also  made  the  discovery  that  certain  cerebral  nerves 
were  motor  throughout  their  course,  while  others  were  wholly 
Mmdtive.  These  he  called  nerves  of  motion  and  of  sensation,  and 
when  the  two  were  combined  in  a  single  nerve,  it  was  called  a 
mixed  nerve  or  senso-motory.  His  dissections  led  him  to  con- 
clude that  the  motor  nerves  and  motor  roots  of  the  spinal 
nerves  were  connected  with  the  anterior  column  of  the  spinal 
cord,  whiUt  the  nerves  of  sensation  and  posterior  roots  of  the 
^inal  nerves  were  continuous  with  the  posterior  colomna.  He 
himself  never  exjwrimented  on  the  cord,  but  those  who  hA.v« 


3IO  THE  NERVOUS  SYSTEM. 

ilone  HO,  especially  Longet  and  Van  Deen,  were  iuduced  to  con- 
clude tliat  diviaion  of  the  anterior  and  puirtcrior  columns  reap«c- 
tivel;,  iuduced  paniljBia  of  motion  and  sensation  ;  and  irritatiug 
tlieni  occasioned  convulsion  and  pain.  In  these  eiperimeutj^ 
liowBTer,  not  only  tlie  anterior  and  posterior  columns,  but  the 
middle  columns  and  gray  comua  were  injured.  Stilling  divided 
the  anterior  column  down  to  the  gray  matter,  without  causing 
{mralysie  of  motion,  and  Brown  S^quard,  on  dividing  the  post- 
erior column  ouly,  which  he  did  with  a  kuife  made  for  the 
purpose,  found  sensihUity  in  the  lower  extremities,  and  pain,  oa 
irritation,  to  be  increased.  In  either  case,  to  cause  paralysis  of 
motion  or  of  sensatioQ,  it  was  necessary  to  exteud  the  incision 
into  the  gi-ey  matter.  If  two  eections  be  made,  however,  midway 
between  neighbouring  spinal  nerve  roots,  then  conduction 
between  the  parts  above  and  below  the  sections  is  cut  off. 
(See  Plate  XV.  fig.  12,  d.)  The  explanation  of  this  is  to  be 
found  in  the  course  taken  by  the  nerve  tubes,  as  shewn  b; 
Iiockhort  Clarice,  which  so  diverge  from  one  another,  on  passing 
into  the  cord,  that  no  oue  transverse  section  of  the  column  can 
divide  them,  although  two  at  a  certain  distance  from  one  an- 
other may  (Fig.  13,  i).  In  the  same  manner,  two  incisions,  at 
right  angles  to  one  another,  dividing  the  white  substance  and 
grey  matter,  completely  destroy  tlie  jiower  of  transmisaion  (Fig. 
12,  6).  Thus  histological  research  and  ex])erimental  investiga- 
tion support  one  another,  and  the  two  have  now  demonstrated 
that  the  conducting  nerve  tubes  of  the  spinal  roots  of  the  nerves 
Commuuical«  through  the  gray  matter  of  the  cord,  not  only  with 
the  brain  and  the  two  sides  of  the  body,  but  with  each  other. 

These  facts  have  served  also  to  explain  more  fully  the  nature 
of  those  actions  variously  denominated  automatic,  reflex,  and 
diastaltie,  for  the  true  knowledge  of  which  we  are  indebted  to 
the  labours  of  Marshall  Hall,  It  is  now  clear  that  the  influences 
excited  by  irritAtion  of  uervee  run  continuously  through  the 
cord  in  cert^n  directions,  now  communicating  with  muscles  to 
produce  spasms,  and  now  with  the  glauils  and  vessels  to  produce 
secretion  and  vaso-motor  action,  and  this  without  any  necessary 
connection  with  the  brain,  and,  therefore,  without  sensation. 

lUfltx  or  diaitaltic  actioni. — Numerous  combined  muscular 
actions  may  go  on  independent  of  volition  or  sensation,  and  eves 
when  the  brain  is  removed.  These  depend  on  influences  origin- 
ut'mg  in  physical  irritations  applied  to  an  incident  nerve,  which 
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lire  condiioted  tlirougii  tlie  apiiiiJ  cord,  utid  from  it  by  excident 
Ut!rv«s  to  tLe  miisoles,  th«  coutractilitj  of  which  is  thereby  ex- 
cited. Tlie  character  of  these  movetaenti  gave  riiie  to  Uie  idea 
that  tbey  were  connected  with  aeiiBatioo,  and  iudieated  ptun. 
Thus,  decapitated  animals  may  bo  seen  to  straggle  exactly  as 
they  would  do  were  the  brain  entire.  They  appear  to  avoid 
the  particular  injury,  push  the  irritating  imrtniment  away  with 
their  paWB,  and  writhe  as  if  in  agony ;  ao  that  it  is  exceedingly 
difficult  for  a  spectator  to  convince  himself  that  they  are  not 
suffering,  and  that  such  motions  are  not  connected  with  sunsa- 
tioD.  But  we  liave  previously  seen,  and  the  slightest  oualysis 
of  our  own  aensutionB  and  mental  operutioos  will  soon  couvinw 
UB,  that  sensation  is  the  anucioutaat  of  an  impression.  If,  then, 
the  wuue  sensitive  and  motor  phenomena  are  produced  inde- 
pendently of  brain  as  when  it  is  present,  we  must  either  believe 
that  conaciouBaess  resides  in  the  spinal  marrow,  and  that,  there- 
fore, tliey  are  uonnected  with  sensation,  or  that  it  resides  in  the 
brain,  in  which  case  they  must  be  independent  of  sensation. 
The  former  was  the  notion  of  Whytt,  Haller,  L«  Ualloia,  Pro- 
chaska,  and  others,  who  connected  these  spinal  movements  nith 
a  so-cslled  temoriuin  commane.  Indeed,  there  is  but  one  of 
these  writera  who  reasoned  correctly  on  this  point,  viz..  Sir  Gil- 
bert Blane,  who  says,  referring  to  a  decapitated  animal, "'  Wlien 
the  head  is  cut  off,  its  Irritability  remains,  as  appears  by  the 
motion  of  the  ears  when  pricked  or  touched  by  a  hot  wire,  and 
AS  the  extremities  are  also  irritable,  it  will  not  be  said  that  con- 
is  and  sensation  exist  in  two  separated  pottiona  of  the 
e  body.  Nor  can  it  be  adiiiitt«d  that  sensibility  and  con- 
Ls  may  remain  in  the  head  after  separation  ;  for,  if  mere 
uompreasion  of  the  carotid  arteries  abolishes  sensation  and 
thought,  by  interrupting  the  circulation  in  the  brain,  how  much 
more  must  the  superior  viuleuct!  of  decapitAtion  have  this 
effect."  But,  whilst  Sir  GJltx^rl  BUue  had  a  dear  idea  that 
these  motions  were  indepeudeut  of  couscionaness,  he  Imd  do 
notion  of  their  reflex  character.  On  the  other  Laud,  this  reflex 
fuuctioD  did  occur  to  Prochaska,  who,  however,  connected  it 
with  a  tentoriupt  ammune,  a  term  used  by  Descartes,  Haller, 
Whytt,  and  others,  to  express  the  seat  of  sensation,  which  was 
phuwd  by  various  writers  in  different  parts  of  the  nervous  sys- 
tem. It  was  Dr  Marshall  Halt  who  first  clearly  separated  these 
functions  from  cerebral  or  mental  acts,  and  placed  them  alto- 
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gether  in  the  spinal  corJ.  He  pointed  out  that  they  were  inde* 
pendent  of  mind,  and,  Qar^ort,  not  connected  with  aensatiOD. 
He  clasaiSed  them  by  themselves,  under  the  uame  of  reflex, 
eicito-motory,  or  diastaltic  actions ;  described  the  laws  by 
which  they  are  governed,  and  their  universa]  application  to  the 
pathology  and  diagnosis  of  disease.  We  have  previously  seen 
[p.  289]  that  all  snch  actions  require  a  centre  with  incident  and 
escident  nerves  communicating  with  it,  although  the  exact  rela- 
tion of  these,  as  explanatory  of  individual  diastaltic  movements, 
has  not  yet  been  determined. 

Ab  exttmplea  of  diastaltic,  or  purely  spinal  motions,  may  be 
enumerated, — lat,  Those  constantly  going  on  in  the  eyelids 
when  any  object  approaches  them,  as  in  winking,  in  which  case 
the  incident  nerve  is  the  palpebraJ  branch  of  the  fifth,  and  the 
eicident  the  orbicular  branch  of  the  seventh  pair  of  nervea. 
2d,  The  clotUTt  of  tht  larynx  in  every  act  of  deglutition,  and  in 
every  effort  to  vomit,  and  as  occurs  on  the  contact  of  a  drop  of 
water  or  a  crumb  of  bread,  &c.,  when  the  incident  nerve  is  the 
superior,  and  the  excident  the  inferior  laryngeal.  3d,  The 
various  movements  associated  in  the  act  of  renpiration,  in  which 
the  incident  nerves  are  the  sensitive  portions  of  the  fifth  pair, 
of  the  pneumo-gastric  and  spinal  nervea  ;  while  the  excident 
are  the  spinal  accessory  and  motor  branches  of  the  intercostal 
diaphragmatic,  aud  lower  spinal.  4th,  The  different  actions 
oBsociated  in  the  act  of  diglutition,  inclading  those  that  occur 
in  the  pharynx,  cesophogUB,  and  the  cardiac  orifice  of  the 
stomach.  The  incident  nerves  are  united  with  the  excident 
in  the  pliaryngeal,  (esophageal,  and  cardiac  fiortioDS  of  the 
pneumo-gaatric  6th,  Numerous  actions  connected  with  the 
outlets  of  the  body,  as  in  drfacation  aud  erpulaian  from  the 
urinary  and  generative  organs,  in  which  the  incident  and  eici- 
dent  nerves  are  united  in  the  branches  of  the  spinal  nervea. 
6th,  The  movements  ofihefietut  in  utero.  7th,  Numerous  com- 
plex actions,  acquired  at  one  period,  and  performed  afterwards 
automatically,  without  exercise  of  mind,  such  as  ualting,  sing- 
ing, playing  ctrlain  pieces  of  mutte  on  variout  inalrumenU,  Sec. 
8th, /n»(inrtitw  actions  (/tianou*aniniai*,aatheflyingof  migratory 
birds,  building  their  nests,  construction  of  the  honey-comb,  Ac. 
9th,  Ail  the  spasmodic  and  convulsive  actions  of  the  body,  in- 
cluding itojniting,  choking  from  the  presence  of  a  foreign  body 
in  the  tamyx  or  pharynx,  ntreous  l-wicMng  of  the  limbs, 
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vidtionii  of  pai'ta  of  the  whole  Ixidy  in  chorea,  hysteria,  epilepay, 
anil  rigid  apnsma  of  tetanus,  he  In  these  four  last  kinds  of 
actions,  the  seiHitive  nervea  of  various  parta  of  tlie  body  are  the 
incident,  and  the  motor  the  excident  nerrea. 

These  diaetaltic  actions,  though  apinal  and  independent  of 
mind,  may,  to  a  certain  extent,  ba  controlled  by  tlie  will.  Thus 
the  Htidden  contact  of  hot  or  cold  bodies  to  the  skin,  the  prick 
of  a  pin,  &c.,  if  unexpected,  will  cause  starting  ;  but  if  a  reso- 
lution he  formed  not  to  do  so,  this  effect  may  be  prevented. 
This  iufluence  is  exercised  over  different  muscles  in  different 
degrees,  and  it  varies  in  peraona  from  oonstitntional  and  un- 
known causes.  Otiier  spinal  actions  apparently  require  the 
co-operation  of  the  mini,  »uch  as  coagAini/,  tntaing,  langhing, 
niihbing,  yawnini!,  and  hiceovgh.  In  these  cases  tl  fretjuently 
happens  that  the  moat  determined  effort  of  the  will  faila  U)  con- 
trol them ;  whiUt  arresting  or  withdrawing  the  attention,  checks 
them  at  once.  Hence  we  have  one  class  of  motions  purely 
volonlAry,  am!  another,  partly  voluntary  and  partly  spina],  auch 
aa  coughing,  laughing,  sneezing,  &c,  which  it  is  difficult  to  con- 
ceive being  produced  without  a  certain  mental  effort.  Then  we 
have  a  clas  of  motions  altogether  involuntary,  wholly  spinal, 
whidi  may  be  carried  on  for  a  certain  time  in  a  decapitated 
animal. 

Patknloguml  reiiills. — Many  cases  have  been  published  where 
no  sensation  has  re«idted  from  the  application  of  tlie  strongest 
stininli  to  ccrtAiu  parts  of  the  body,  yet  where  voluntary  motion 
in  thuae  parta  has  continued.  Thus  Mr  Hoid  relates  a  case  • 
where  the  sentient  power  was  annihilated  over  the  whole  sur- 
face of  the  body,  while  the  power  of  motion,  though  impaired, 
WM  so  entire,  as  to  enable  him  to  use  his  hands  in  carving  his 
food,  in  writing,  inboldingtbereius  whenou  horseback,  &c  Mr 
Listen  removed  one  of  his  metatanni  txines  which  was  carious, 
the  o|)erBtion  giving  him  no  pain  whati-ver.  Loss  of  voluntary 
motion  haa  also  been  known  to  take  place  aJoue  without  influ- 
encing senaibility,  but  this  ia  much  more  tare.  A  few  caaes  are 
known  where  both  these  lesions  have  occurred  in  one  person. 
ThusDrH.  Leyspeaksof  awomau  who, after delivery,had defec- 
tive sensibility  on  one  side,  and  loss  of  motion  on  the  other. 
She  could  hold  her  child  to  one  breast  as  long  as  she  looked  at 
it,  but  on  the  attention  being  removed,  the  child  was  in  danger 
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oF  fiiUing  ;  on  this  aide  nlie  ci 
child's  mouth  tD  tlie  Dipple, 
On  the  other  aide  feeliug  w 
hold  the  child  to  the  breast.' 
nnd  Andralmcntiuusf 


luld  not  feel  the  application  of  ths 

though  she  could  see  it  8U(?kiag> 

IS  perfert,  but  she  was  unable 

Dr  Bright  gives  a  wmilar  case.t 

who  had  the  right  side  of  his 
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face  without  seusibilitj,  and  the  left  without  motion.  In  the 
great  majoritj'  of  caaes,  both  motion  and  seitsatiou  are  affected 
together,  and  the  former  suffers  moat.  On  recovery,  sensibility 
ia  restored  firat,  and  motion  afterwards. 

It  has  long  been  a  matter  of  observation,  that  disease  on  one 
aide  of  the  brain  causes  pandysis  on  the  oppoaiti>  side  of  the 
body.  This  hna  been  attributed  to  the  decussation  of  the  nerve 
tubes  which  may  be  seen  in  the  mtdulla  oUongaCa,  This,  how- 
ever, could  only  account  for  paralysis  of  motion,  whereaa  para- 
lysis of  sensation  follows  the  same  law.  The  investigations  of 
Lockhart  Clarke,  however,  have  demonstnited  that,  whilst  the 
motor  columns  of  the  cord  only  decussate  in  the  medulla  ob- 
longata, decussation  of  th«  posterior  columns  takes  place 
throughout  the  whole  eiteut  of  the  cord.  {Plate  XVI.  fig.  l.J 
Many  cases  collected  by  Brown  SSquard  shew  that  while  lesion* 
above  the  medulla  oblongata  have  a  crossed  action  both 
motion  and  sensation,  below  that  centre  paralysis  of 
only  U  crossed,  while  that  of  motion  is  direct.* 

With  the  Hpinal  cord,  as  with  the  brain  leaioos,  such 
chronic  softenings  have  occasionally  occurred  to  a  considerable 
extent  without  paralysis  ;}  but  it  is  probable,  in  all  such  in- 
stances, that  the  whole  of  the  white,  or  of  the  conducting  tubular 
matter,  was  not  destroyed.  lu  disease  of  the  grej  central  sub- 
stance, the  power  of  combining  or  co-ordinating  movements  is 
lost  (locomotor  ataxia),  sometimes  combined  with  proifre**itit 
miucular  atrophy.  Diseases  of  the  membranes,  on  the  other 
hand,  induce  pain,  spasm,  tetanus,  &c. 

Tlie  correctness  of  Marshall  Hall's  views  as  to  reflex  actigiM 
being  independent  of  Hensation,  ia  conclusively  demonstrated  l^, 
those  cases  in  which  the  cord  was  so  injured  as  to  produce  pet- 
fect  paralysis  of  the  inferior  extremities,  so  that  on  piicking 
them  with  a  sharp-pointed  instrument,  or  tickling  the  soles  of 
the  feet — the  intelligence  of  the  individtial  being  perfect — tlie 
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litubs  are  throwo  into  cnnvulsions,  vitbout  any  p&in  or  irritA- 
tion  being  fell,*  Nnase  antl  otiiera  iilao  have  related  examples, 
wliere,  in  oousequence  of  Hpinal  diseane,  women  have  gone 
thruugh  the  stages  of  labour,  and  had  healthy  children,  without 
tht^  slightest  Hiilferiug.  The  same  result  is  now  brought  aliout 
by  roeana  of  ether  or  chloroform,  which  euBpendg  the  cerebral 
fuuctiouB,  leaving  the  spinal  aud  Hympathotic  oneH  unaffected- 
Brown  S^uard  hiiA  discovered  a  remarkable  remit  of  dividing 
one  half  of  the  spinal  cord,  between  the  seventh  dorsal  and 
third  lumbar  verteboe  in  the  guinea  pig,  viz.,  that  in  from  three 
to  tive  weeks  the  animal  becomes  epileptic  Further,  thai  the 
attacks  of  tlie  diseaae  may  be  escileil  by  irritating  or  pinching 
a  certnin  space  of  the  face  and  neck  below  the  ear  of  the  aide 
injured.  This  spRce  is  about  1^  inches  long  and  1  inch  broad, 
and  is  auxsthetic.  After  a  time,  the  hairs  covering  the  part 
become  i:rowded  with  pedievli.  Epilepsy  has  also  in  the  same 
manner  oocaaiuniJly  followed  section  of  the  sciatic  nerve.f 

The  existence  of  cerebral,  spinaJ,  aud  i*rebro-Bpiual  diaeaaes 
must  ever  be  moat  interesting  to  the  physiologist,  whilst  the 
innumerable  forms  of  spasm  or  convulsive  disorders,  all  of  which 
are  reflex  and  essentially  spinal  in  their  chamcter,  present  a 
wide  field  fur  study,  in  the  prosecution  of  which  the  work  of 
Dr  Marshall  Hall  will  be  found  of  iuestimnble  value.  The 
cerebro-spinal  system  has  also  a  therapeutics  of  its  own.  Cer- 
tain remedies,  such  as  tea,  coffee,  cliloral,  and  opium,  excite  or 
diminish  the  cerebral  functions  ;  others,  such  as  atrychuiue, 
hemlock.  Calabar  bean,  and  tobacco,  excite  or  diminish  the 
spiunl  functions  ;  whilst  a  third  class  act  both  on  the  brain  and 
spinal  cord,  such  as  cold,  hydrocyanic  acid,  and  alcohoL  Some 
of  these  remedies  are  also  antagonistic  of  the  other.  Thus  we 
have  proved  experimentally  that  chloral  will  suspend  the 
spasms  and  preserve  life  after  fatal  doses  of  strychnine  and  of 
the  Calabar  bean. 

Tlie  elucidation  of  the  intricate  functions  we  have  now  dis- 
cussed  is  luninly  due  to  three  distinguished  physiologists,  whose 
labours  constitute  three  distinct  epochs  in  the  discovery  of  the 
functions  of  the  nervous  syfltero.  The  first  of  these  epochs  is 
chamcterised  by  the  establishment  of  contractility  and  seusi- 
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bQitj  SB  inherent  properties  of  the  muscnUr  and  i 
tiMaea.  Such  was  the  great  diecoveij  of  Halleb.  The  second 
U  indicated  b?  the  demonstration  of  nerves  of  sensation  and 
nerves  of  motion,  and  of  mixed  nerves  in  connection  with  their 
■piiuJ  roots.  Such  was  the  discoverj-  of  Cbabi,E8  Bell.  The 
third  epoch  is  marked  bj  the  aeparation  of  nnmerons  combined 
actions  from  sensation,  Tolition,  and  contractile  niovemeuta^ 
the  detnooBtration  that  the  spinal  cord  was  their  centre,  and  tb»  ■! 
fact  that  it  was  through  a  series  of  incident  and  eicident  nerrMI  ■ 
that  they  were  accomplished.  8ach  I  hold  to  have  been  ths 
discovery  of  Makbsall  Hall.  Encli  of  these  great  doctrines 
ha«  given  rise  to  an  astonishing  amonnt  of  diBcowioD,  the  whole 
of  which  I  have  carefully  considered,  and  nnheaitatingly  declare 
that,  in  my  opinion,  there  ia  no  donbt  as  to  the  great  merits  of 
the  individuals  named  both  as  originators  and  demoiutntoi* 
the  important  doctrines  referred  to. 

TnR  Ckrebro-S PINAL  Nerves. 
There  are  generally  enumerated,  after  Willis,  nine  cerebnl 
pairs  and  thirty-one  spinal  pairs  of  nerves- 
All  the  so-called  cerebral  nerves,  with  the  exception  of  the 
first  jiAJr,  which  is  in  truth  a  ganglion,  may  be  regarded  aa 
belonging  to  the  cranial  portion  of  the  spinal  cord. 

1.  The  first  pair  of  nerves,  called  the  o^/urtory,  serve  to  receive 
und  convey  the  influeuceB  eicited  by  odoors  on  the  Schneiderian 
membrane  of  the  nose — to  which  it  is  distributed — direct  to  the 
broiD,  to  produce  the  sensa-tion  of  smell.  They  contain  grey 
matter  mixed  with  white  tnbnlar  substance,  and  thus  histotugi- 
cally  resemble  the  ganglia.     (See  Sense  of  Smell.) 

2.  The  second  pair,  or  optic  nerves,  receive  and  convey  to  the 
brain  the  influences  excited  by  light,  so  as  to  produce  the  sen- 
satiou  of  sight.  In  the  commissure,  or  chiasm,  the  nerves  of 
the  two  sides  undergo  pKrtial  decussation,  the  effect  of  which, 
according  to  Mayu,  is  that  the  tubules  from  either  optic  gang- 
lion &ra  distributed  to  its  own  side  of  both  eyes,  and  receive 
the  impreaaions  of  objecta  on  the  opposite  Bides  of  the  body. 
(See  Sense  of  Sight.) 

a.  The  third  jmir  of  nerves,  or  the  ihotm'  nemts  of  tht  tt/rhdl, 
are  purely  motor,  and  regulate  all  the  movements  of  the  eye- 
ball, except  those  which  depend  on  tlie  external  rectus  and  supe- 
rior oblique  muscles.    Wlenirritatedwithinthe 
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of  all  t)ie  musdes  to  wLich  they  ore  diBtriliiiteil  is  occaaioned, 
and  dilatation  of  the  pupil.  WUeu  divided  there  are  produced, 
1st,  External  strabiamua ;  2(!,  Paralysis  of  the  leeiitor  palpebnt, 
which  causes  the  upper  eyelid  to  remsin  clos^  over  the  aye, 
constituting  ptoait ;  3d,  The  eye  cannot  be  moved  upwards, 
downwards,  or  inwards  ;  and  4th,  The  iris  is  bo  paralysed  that 
the  moBt  powertnl  light,  diiected  into  the  eye.  is  incapable  of 
eicitiog  the  least  contraction  of  the  pupil. 

4.  The  fourth  pair  of  nerves,  or  pathtlic,  also  called  trorhlear, 
are  purely  motor,  and  govern  the  Tuovemeuta  of  the  traehlearU, 
or  superior  oblique  muscle  of  the  eye.  Irritation  of  the  nerve 
causes  spasm  of  that  muscle,  and  division  of  it,  according  to 
Siokalski,  causes  slight  deviation  of  the  eye  upwards  and 
outwards,  producing  double  viftion,  in  which  the  same  object 
appears  aa  two,  the  one  placed  above  the  other. 

5.  The  fifth  pair  of  nerves,  called  tri/aeial  or  trigeminal 
divide  iuto  three  branches, — two  of  which  ore  purely  sensitive, 
and  the  third  is  senso-motory.  Th«  sensitive  branches  termluat« 
in  the  face,  and  communicate  sensibility  to  the  akin,  various 
organs  of  the  heatl.  and  to  the  external  parte  of  the  organs  of 
Bpiwiol  sense.  It  is  also  the  great  excitnr  nerve  of  these  parts. 
Its  communicalionB  also  with  the  ganglia  of  the  sympathetic 
syatem  render  its  integrity  of  the  greatest  importance  to  various 
eicito-motory,  excito-sensory,  and  eicito-nutrient  actions  of  the 
bead  and  face.  The  non -ganglionic  branch  distributed  to  the 
muscles  of  the  jaws  is  motor,  and  governs  the  movements  of 
sutsticatioD.  Irritation  or  slight  disease  of  any  branch  of  the 
fifth  gives  rise  to  great  pain,  or  nruralgia,  and  to  thut  severe 
form  of  it  called  tie  doiUoureux.  Division  or  destructive  disease 
o(  it  cjiuses  paralysis  of  sensibility  in  the  face  exactly  limited 
to  a  line  drawn  through  the  middle  of  the  forehead,  nose, 
mouth,  and  chin.  Pricking  of  a  pin  causes  no  pain  ;  sternu- 
tatories placed  in  the  nostril  are  not  felt ;  and  food  on  the 
affected  aide  of  the  mouth  gives  no  idea  of  ita  presence.  On 
driuking  from  any  vessel,  it  seems  to  be  broken  or  cut  away 
suddenly  at  the  part  where  the  paralysed  lip  is  applied.  In 
addition  to  those  eifecta,  which  result  from  loss  of  sensibility 
connected  with  the  ganglionic  portion  of  the  fifth,  the  motion 
of  the  jaw  is  impeded  from  paralysis  of  the  motor  branch. 
Mastication  is  inttsrfered  with  in  consequence  of  palsy  of  thoM 
niuacles  which  subject  the  morsel  to  the  action  of  the  teeth, 
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and  fn>m  tLe  impaired  grinding  raotioc  of  the  j.twu.     The  iDdi 
vidual  can   only  chew  ou   tbe  sound   side,  the   action  of 
maaaeter  and  teniponil  muaclea  of  the  affected  ade  being  nioi 
leas  imperfect  or  lost     There  ia  still  command  over  the  featnn^) 
however,  and  no  distortion  of  the  countenance  or  loss  of 
sion.     The  jaw  ia  in  snme  cases  a  little   depressed,  1 
almost  disappears  when  the  individual  smiles  or  laughi 
form  of  paralysis  rarely  eidsU  alone,  but  is  niudt  commonly 
associated,  as  in  hemiplegia,  vith  palsy  of  the  facial  also,  which 
we  shall  subsequently  describe.     (See  seventh  pair  of  nervefi.) 
It  may  be  more  or  less  general,  affecting  the  fij'st,  second,  or 
third  branches  of  the  nerve,  and  in  every  case  a  knowledge  rf 
its  anatomy  and  physiology  will  indicate  the  effects  produced. 

Magendie  and  X>esmoulind  were  of  opinion  that  nil  speciftl 
sensibili^  was  dependent  on  integrity  of  the  fifth  pair  of  nerve& 
Although  this  idea  is  incorrect,  there  can  be  no  questloD  thut 
injury  of  this  im|iortnnt  nerve  more  or  less  interferes  with,  an<I 
ultimately  destroys,  smell,  eight,  hearing,  and  taste.  This  re- 
sults from  the  loes  of  that  common  sensibility  which  appean 
iudiBpensable  to  the  secretion  of  mucus  from  the  miicoua  mem- 
branes, BO  that  they  Iweome  dry  and  inflamed,  inducing  a  condi- 
tion incompatible  with  the  proper  performance  of  the  fuuctiomi 
of  special  sense. 

6.  The  sixth  pair  of  nerves,  called  ahda,cen.t,  are  motor,  and 
govern  the  motions  of  the  eitemal  rectus juuscle^of  the  e^e^alL 
When  irritated,  that  muscle  ia  cm 
comprea^d,  or  disorganised,   it 
turned  wtwarda. 

7.  The  seventh  pair  of  nervea 
which  are  really  separate  nerves. 
vxrvi,  is  motor,  and  governs  the  r 
of  the  face.  The  soft  portion,  or 
influences  of  sound  through  the 
}»YiducetheaensatioD  of  hearing. 
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is  paralysed,  and  the  eye  is 

I  are  composed  of  two  parts. 
The  hard  portion,  or  facial 
novemente  of  all  the  muacles 
aitdilortf  nen't,  transmits  the 
internal  ear  to  tbe  brain,  to 
(See  Sense  of  Heaiiug. )  Tbe 
motor  portion,  when  irritated  towards  \ta  tenninid  branches, 
sometimes  occasions  pain,  which  is  attributed  to  its  unasto- 
mosie  with  the  sensitive  filaments  of  the  fifth  pair.  It  alwayi^  1 
however,  causes  convulsion  or  spasm.  Section  or  tlestructivft'  1 
diseoBB  of  the  nerves  within  the  cranium,  or  where  it  emergw 
from  the  slyto-miiatoid  foramen,  cansee  general  paralysis  of  tbe  , 
muaeles  of  the  face.     The  aspect  of  the  face  then  differs  accord- 
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ing  as  the  miiai^IeH  axe  in  a  state  of  repose  or  activity.  In  tlie 
former  caae,  aJl  cipreasioD  is  lost  in  tlie  paralysed  part ;  tbe 
two  siiles  of  the  ta^x  are  not  sjin metrical,  and  when  viewed  by 
themselves,  apparently  beloDg  to  diifereut  individuals.  The 
features  generally  are  dragged  toward  the  sound  side  ;  the 
mouth  is  oblique,  and  ita  centre  does  not  correspond  to  tbe  axis 
of  the  body.  Tbe  paralysed  half  of  the  (ace  ia  a  little  more 
promiuent  than  the  sound  one,  which  is  wrinkled,  contracted, 
and  concealed  behind  the  other,  when  viewed  in  profile.  Tbe 
paralysed  side  also  appears  broader  thaji  the  sound  one,  while 
tii«  eyelids  are  opeaed  wide,  and  tbe  eye  appears  more  rolumin- 
oiu  than  it«  fellow.  When,  on  the  other  hand,  the  individual 
speaks,  laughs,  cries,  sneezes,  or  coughs,  tbe  deformity  of  the 
countenance  is  much  increased,  the  mouth  and  features  remain- 
ing perfectly  matiuiJess  uu  the  paralysed  side,  while  on  the 
other,  they  apjiear  tbron-n  into  iacirdiuat«  action.  The  muscles 
moving  the  jaws,  however,  which  are  supplied  by  the  motor 
portion  of  tbe  fifth,  ore  still  obedient  to  volition  ;  mastication  is 
rekdily  performed,  and  the  patient  can  hold  solid  bodies  between 
the  t«elb.  The  cheek  on  the  affected  side  is  flaccid,  it  swells 
at  the  moment  of  expiration,  anil  especially  when  the  patient 
wishes  to  blow  or  pronounce  a  word  with  emphasis.  The  Hpe 
are  paralysed,  and  ^e  saliva  anil  food  sometimes  escape  front 
tbe  mouth  on  the  palsied  side.  The  pronunciation  of  certain 
letters,  as  0,  b,  and  p,  which  require  the  intervention  of  the  lips, 
is  imperfect,  lastly,  the  patient  cannot  expectorate  or  direct 
the  Boliva  to  any  given  point  at  a  distance  from  his  month. 
Occasionally  he  can  articulate  with  tolemble  freedom,  by  sup- 
porting the  paralysed  clieek  with  his  baud.  Lagophihalmia  is 
also  frequently  present,  exposing  the  eye  to  constant  irritation, 
and  often  producing  ophthalmia.  This  form  of  palsy  may  be 
more  or  leas  general,  dependent  on  the  number  of  branches  of 
the  poTtio  dura  distributed  to  the  face,  whidi  are  affectmL 

Integrity  of  the  facial,  like  that  of  the  fifth  nerve,  is  necessary 
to  the  proper  performance  of  certain  ^>ecial  senses,  regulating 
as  it  does  the  movements  of  the  nostrils,  eyelids,  and  muscles  of 
the  intenial  ear.  Great  discussion  has  occurred  as  to  huw  far 
the  chorda  tympani,  which  is  a  branch  from  it,  is  concerned  in 
tbe  sense  of  taste,  a  point  iu  phyeiology  nut  yet  determined.* 

8L  The  eighth  pair  of  nerves  ar«  divided  into  three  bronduis  : 

•  8b>  Laau*  ud  Vulplu  Archive*  di  Plin.  UK. 
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lut.  The  g^ouo-phiirynffeal,  distributed  to  the  root  of  Iha 
tongue  and  phiiryux,  lb  a  uen-e  of  sensibility,  administering  to 
taste  and  toudi  iu  the  former  eituiitioa,  while  it  is  the  great 
excitor  in  the  act  of  deglutition  iu  the  latter.  Irritatiou  of  it 
causBB  pain,  and  if  injured  before  it  gives  off  ita  phaiysgeal 
branches,  extensive  muscular  movements  are  produced 
throat  ajid  lower  port  of  the  flue.  This  was  shewn  \)j  John 
Beid  t«  depend  on  refiex  action,  the  pharyngeal  hranchea  of  the 
vague  being  the  excident  or  motor  nerves.  Disease  or  destmC' 
tion  of  the  gloaao-pharjngeal  induces  difficulty  or  complete 
paralysis  of  deglutition,  from  the  loaa  of  that  power  of  receiving 
and  transmitting  impressions  bo  essential  for  all  reflex  actiouo. 

2d.  The  second  branch  is  the  par  vagum,  or  pneumo-gaatrie 
nerve,  which  is  distributed  to  numerous  importaut  parts,  ita 
branches  having  different  functions.  As  a  whole,  it  is  a  motor 
and  8eu.sitive  nerve,  and  contains  incident  aud  eicident  fila- 
ments. The  pharyngeal  and  inferior  laryngeal  brancliea  ore 
wholly  motor ;  its  superior  laryngeal  branch  is  the  stoieitive 
nerve  of  the  laryux,  but  is  mixed  with  a  few  motor  filaments 
which  supply  the  erico- thyroid  muscle ;  the  cardiac,  polmooary, 
oesophageal,  and  gastric  branches  are  aenso-motory.  The  re- 
sults of  experiments  have  shewn  that  irritation  of  the  pliaryn- 
gtal  brancha  always  prodncea  contmctioua  of  the  pharynx 
directly.  Irritation  of  the  tuptrior  larytigeat  nerve  causes  ton- 
traction  of  the  cricD-thyroid  muscle  only,  whilst  that  of  the 
inferior  laryngeal  causes  forcible  contraction  of  the  laiyiigeal 
muscles,  as  well  as  of  the  inferior  constrictor  of  the  pharynx. 
In  a  living  animal  the  slightest  touch  on  the  mucous  membrane 
of  the  glottis  will  cause  its  instant  closure,  if  the  superior 
laryngeal  nerve  be  uninjured,  but  if  that  nerre  be  divided  on 
both  aides,  the  glottis  may  be  irritated  with  impunity.  Injury 
or  complete  section  of  the  recurrent  ntTves  causes  also  impair- 
ment or  loss  of  voice.  The  aaophageal  brancha  of  the  vagus,  if 
irritated,  produce  contractions  of  the  OiSopliagUB,  which  extend 
throughout  the  whole  tube  to  the  cartlia.  Their  section,  or 
that  of  the  VBgus  in  the  neck,  causes  palsy  of  the  (ssophagua,  in 
which  cue  the  tube,  during  eating,  becomea  filled  with  tha 
propulsive  efforts  of  the  pharynjt,  and  the  food  even  finila  ita 
way  into  the  laryni  and  trachea.     (Reid.) 

Section  and  injury  of  the  cardiac  bntnehaot  the  vagus  do  not 
materially  influence  the  actions  of  the  heart.    Wuber  was  Uie 
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first  to  notice  that  strong  stimulation  of  the  ^agaB  above  these 
branches  caused  axrestmeut  of  the  heart's  contractioDA,  with 
relaxation  of  ita  valla,  Thia  Pfluger  attributeil  tu  an  iuhilii- 
tory  action,— an  idea  opposed  by  Moleschott  and  others.  Au- 
coriJing  to  Von  Bezold,  however,  the  movements  of  llie  heart 
Appear  to  be  influenced  by  three  Bystema  of  nerves.  One  uf 
these,  seated  in  the  heart  itself,  influences  more  especially  itn 
rhythmical  action.  A  second,  formed  by  the  pueumo-gaetriM, 
checks  its  action.  The  third,  consisting  of  the  sjmpathetiu 
trunks  in  the  neck  and  cardiac  plexus,  which  are  connected 
with  the  Hpinal  cord,  renders  the  orgnn  answerable  to  the  emo- 
tions of  the  mind.  They  all  freely  anastomose  with  one  another, 
and  produce  compound  eflects,  according  to  the  amonnt  and 
degree  of  the  nervous  influences  affecting  one  or  the  other. 
Cyon  Olid  Ludwig  describe  a  dtprttior  nerve,  arising  in  two 
roots — one  from  the  vagus,  and  another  from  the  superior  laryn- 
giBuL  Its  division  causes  no  marked  result,  nor  does  irritation 
of  its  lower  cut  surface,  But  if  the  upper  cut  surface  be  stitnu- 
hited,  there  is  a  iliminution  in  the  force  and  frequency  of  the 
cardiac  beats,  while  the  aorta  and  visceral  art«nea  are  dilated; 
so  that  it  operates  thix>ugh  the  vaso-motor  systcni  of  nerves. 

Section  of  one  pneumo-gaatric  above  the  pulmonary  branvhc* 
produces  no  effect  on  the  action  of  the  lungs.  But  when  both 
nerves  are  divided,  severe  dyspncca  and  aathnui  are  occasioned. 
The  lungs  become  congested  nnd  (edematous,  and  the  bronchi 
filled  with  serous  fluid.  AniuiiUs  never  survive  this  operation 
beyond  three  days,  if  the  cut  ends  of  the  nerves  be  sepaiittfid  ; 
but  if  brought  in  contact,  they  will  live  ten  or  twelve  days 

Sectioa  of  the  ga»trie  braiiclia  of  the  vagus  cause,  in  the  finit 
instance,  vomiting  and  loathing  of  food,  and  retard  without 
putting  an  end  to  the  digestive  process.  It  weakens  the  vuU' 
tractions  of  the  muscular  coat  of  the  slonutcb,  which,  however, 
are  supplied  from  the  sympathetic,  but  does  not  interfere  with 
the  secretion  of  the  gastric  juice. 

Tiba  vagus  also  forms  most  important  connections  with  the 
sympathetic  system  of  nerves ;  and,  like  the  fifth,  is  instm- 
menUd  ia  numerous  excito-motory,  exoito-secretory,  and  excito- 
nutrient  functions  of  the  neck,  chest,  and  abdomen. 

3d.  The  third  branch  of  the  eighth  pair,  or  tpinal  acceuory,  ii 
a  motor  nerve,  the  external  division  supplying  the  external 
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muscles  of  respiratioD — the  stem o- mastoid  aiid  trapezius — and 
the  internal  division,  adding  motor  fitameata  to  the  va^ 
dividing  it  within  the  crauiiim,  Bischoff  observed  that  it  caused 
\itai  of  voice,  and  Beruard  maiatains  that  although  respiiation 
aud  phonation  seem  anatomically  coufouoded,  they  are  phyeio- 
logically  iudepeadent.  He  believes  the  vagus  acts  in  prodaciug 
the  muscular  movementfi  of  tho  former  of  these  fuuctiona,  while 
the  spinal  accessory  regulates  those  of  the  larynx  and  chent  i 
engaged  in  the  latter  function. 

B.  The  ninth  pair  of  nerves,  or  hi/po-glotaal,  is  the  motor   ] 
nerve  of  the  t^ingue.      Its   irritation   induces   spaama  i 
muscles  it  xuppties,  while  section  paralyses  them. 

Spinal  nerva.— There  are  tliirty-one  paira  nf  nerves  wliich    j 
belong  to  the  vertebnJ  portiou  of  the  spinal  cord,  ol!  of  which 
lire  senso-motory, — the  posterior  ganglionic  root  being  sensory, 
aud  the   anterior  motor.     (See  p.   309,)     These,  united,  form   1 
a  compound   nerve,  containing   sensitive  and  motor  filament!    ■ 
necessary  for  sensation  and  combined  motions,  including  ind 
dent  aud  ezcident  filaments  iu  connection  with  distinct  portion 
or  arcs  of  the  spinal  cords  as  centres  of  diastaltic  movements. 
The  use  of  the  ganglia  are  not  known.     They  do  not  act  oa 
centres  of  reBex  movements,  as  division  of  the  posterior  roots 
between  the  cord  and  ganglion  destcoys  all  such  movements. 

The  Sympathetic  Nervib, 

This  system  of  nerves  has  also  been  called  ganglionic,  organic, 
AoA  Iri-iplaRc/inie.  It  consists  Cflaentially  of  a  number  of  ganglia 
containing  numerous  nerve  cells,  communicating  by  one  series 
of  connecting  nerve-tubes  with  each  other,  and  by  another  series 
with  the  cerebro-spinal  nerves.  The  structure  of  a  ganglion  ia 
well  seen,  Plata  XVI.  fig.  3,  a.  The  ganglia  are  arranged, 
according  to  their  situation, iutocephalic,  cervical,  thoracic,  and 
abdominal ;  while  the  couuecting  filaments,  forming  plexuses, 
have  received  numerous  names  iu  different  parts,  such  as  carotid, 
cajdiac,  diaphragmatic,  supra-renal,  hepatic,  splenic,  superior 
and  inferior  mesenteric,  &c,,  &c.  The  connection  between  the  | 
cerebro-spinal  nerves,  and  those  of  the  sympathetic  aystera  is 
indirect  through  ganglia,  which  break  the  conducting  power  ot  ' 
tbe  nerves,  or  modify  it, — probably  both.  | 

Seiuo-malon/  propertia. — Under  ordinary  circumstances,  t 
act  of  volition  or  of  the  mind  can  induce  movements  in  part«  > 
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supplied  by  the  sjTDpnthetic  ;  but  under  peculiar  aircum stances, 
or  under  the  influence  of  unusual  stimuli,  novenient^  &re 
induced.  Tlius  the  emotiona  and  desireB,  sharae  or  fear,  influ- 
ence the  movement  of  the  heart  and  the  contractile  power  of 
the  capillaries,  which  an  effort  of  volition  cannot  do.  Such 
results  are  only  explicable  by  the  connection  of  the  sympa- 
thetic system  with  nerves  coming  direct  from  the  brain.  Direct 
irritation  of  the  sympathetic  ganglia  will  also  catute  movements 
in  the  non- voluntary  muscular  parts  receiving  filaments  from 
them.  In  the  same  way,  for  the  most  part,  the  internal  organs 
and  surfaces  supplied  by  these  nerves  are  uot  endowed  witli 
ordinary  sensibility,  and  the  mind  is  unconscious  of  their  action  ; 
but  occasionally  very  severe  pain  is  produced  from  their  being 
the  seat  of  disease,  as  in  curtain  agonising  pains  of  the  heart 
{rtngiiia  peetorU),  in  the  intestines  {colir),  in  the  stomach,  liver, 
kidneys,  4c.,  &c.  Thus,  lOthongh  iii  health,  the  sympathetic 
system  so  diffuses  tlie  influences  conducted,  that  they  are  not 
obedient  to  or  excite  menial  acta,  there  is  abundant  proof  that 
tlis  c«rebro-epinat  filaments  passing  through  the  ganglia  are 
constantly  operating,  although  insensibly,  in  subjection  to 
tlie  cerebro- spinal  centres.  The  ganglia,  however,  not  only 
diffuse  the  influence  of  impressions  coming  from  and  sent  to 
the  cerebral  and  spinal  centres,  but  they  are  nervous  centres 
themselves,  and  especially  centres  of  ntimeroua  reSei  acts  in 
non- voluntary  muscles. 

Escito-teerttorg  and  exciCo-nutritnt  properlia. — In  addition  to 
this  eicito-motory  function  of  the  sympathetic  system,  there  is 
another  of  great  importance,  denominated  by  Dr  Comphell,  of 
the  United  States  txcilo-teerrlorff.  We  have  previously  seen, 
however,  that  secretion  in  glands  is  only  a  form  of  nutrition  ; 
and  the  influence  of  this  system  would  appear  not  only  to  he 
exerted  on  glands,  but  on  bluud  viissuls  and  nutrition  generally. 
It  is,  therefore,  also  txcito-niUrit«l,  and  carried  on  wholly  inde- 
pendent of  the  cerebro-spiual  system.  Thus  it  has  been  shewn 
by  Sir  B.  Brodie  that  division  of  the  crural  and  sciatic  nerves 
neither  retarded  nor  impaired  wounds  and  fractures  of  the  in- 
ferior extremities ;  while  numerous  exjterimentA  hare  proved 
that  injury  to  the  large  sympathetic  ganglia  occasion  the 
most  destructive  eff>>ct(i  to  the  nutrition  of  the  parts  which  re- 
ceive nerves  from  them.  The  experiments  of  Brown  S^uard 
and  Harley  on  the  supra-renal  capsules,  have  shewn  that  it  ia 
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diffimlt  to  preserve  auimala  if  the  Remilunar  or  solar  ganglion 
be  much  injured  in  the  operation  ;  but  if  thia  be  avoided,  ani- 
mals can  live  without  the  supra-renal  capsules  for  a  length  of 
time.  Again,  as  illustrative  of  Uie  general  influeDce  of  ths 
sympathetic  system  over  nutrition,  ia  the  fact  that  certain 
fastuBBH  have  been  bom  with  well-developed  textures,  without  a 
brain  or  spinal  cord,  in  the  same  manner  that  many  of  the  lower 
animals  are  destitute  of  these  organs, 

As  local  examples  of  this  excito-secretory  and  exci to-nutrient 
function  of  the  sympathetic  system  of  nerves,  may  he  oil«d, — 
Ist,  The  efiueion  of  tears  from  the  lachrymal  gliuid  on  theappli- 
catiou  of  an  irritant.  In  this  ca«e  the  incident  nerve  is  th« 
pttl|Kibral  branch  of  the  fifth,  and  the  excident  or  secretory  the 
lachrymal  branches  from  the  carotid  plexus.  2d,  The  secretion 
of  saliva  on  irritation  of  the  gums,  or  exciting  the  mouth  by 
food  and-  mastication.  Here  the  incident  neiTes  are  the  buccal 
hranchefl  of  the  fifth,  and  the  excident  or  secretory  the  parotid 
branches  derived  from  the  carotid  plexus.  3d,  Dentition  in  in- 
fBnt«  and  children  give  numerous  examples  of  excito-secretory 
and  eicito-nutrient  actions.  Thus,  from  tender  gums,  and  irri- 
tation of  the  dental  branches  of  the  fifth,  the  eye  may  become 
lachrymose  and  congested  ;  the  Sohneiderian  membrane  con- 
gested, and  ilfl  secretion  increased  ;  while  diarrhosa  ia  one  of  the 
most  common  symptoms.  In  these  cases  the  excident  nerve* 
are  derived  from  the  ciliary  and  Meckera  ganglia,  distributed  to 
the  conjunctiva  and  Schneiderian  membranes,  and  through  the 
splanchnic,  with  the  intestines.  4tli,  The  process  of  lactation 
exhibits  the  remarkable  influence  of  excitation  applied  to  the 
sensitive  surface  of  the  nipple.  This,  when  grasped  and  suction 
made  upon  it  by  the  infant,  not  only  occasions  increased  fiow 
of  milk,  but  causes  that  peculiar  feeling  of  the  rush  which. 
mothers  describe,  and  which  is  apparently  owing  to  congestion 
of  the  blood  vessels.  Keeping  up  the  flow  of  milk  by  constant 
milking  long  after  it  is  requii'ed  for  suckling,  as  ia  constant!/ 
done  for  domestic  purposes  among  our  cattle,  is  an  excellent 
example  of  the  power  of  exciting  such  secretions  locally.  6tb, 
The  secretion  of  stareh  from  the  liver,  and  its  ready  transforma- 
tion into  sugar,  is  influenced  by  irritations  of  branches  of  the 
eighth  pair  in  the  lungs,  and  by  direct  injury  of  the  pneumo- 
gastric  nerves,  tbrough  the  sympathetic  branches  of  the  ervliao 
and  solar  plexuses  going  to  the  liver.    6tli,  The  increased  quan- 
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titj  of  urine  oftea  secreted,  as  the  result  of  certain  uerrous  irri- 
tatioQiB,  especially  iu  hyeteiical  And  excitable  womeo,  anil  which 
are  only  explicable  as  a  result  of  reflex  actions  projiagated 
through  the  gUDgliunic  plexuses  to  the  kidneys.  7th,  The  oc- 
currence of  intestinal  disorders  must  be  attributed  to  siniiliir 
cntuea,  eapeciftlly  the  diarrhwas  which  follow  exposure  to  cold, 
and  the  remarkable  feeling  of  iinking  and  prostration  to  tlie 
economy  which  accompanies  or  fallows  colic,  tormina,  and  other 
lesions  of  tlte  bowels.  6tb,  The  dissections  of  Dr  Robert  Lee 
have  shewn  a  great  development  of  the  gHUgliouic  system  of 
nerves  in  the  pregnant  uterus,  whicli  would  seem  to  govern  not 
only  ita  own  incrsased  growth,  but  by  ils  influence  over  the 
vessels  to  regulate  the  nutritive  supply  of  blood  bo  neceasary  to 
the  development  of  the  fcetiis.  9th,  The  feeling  of  shock  which 
follows  an  extensive  or  sudden  injury,  or  a  feeling  of  acute 
agony,  seems  to  owe  ita  generaJ  exhaustive  effects  to  the  in- 
fluence of  the  ganglionic  syBtem.  It  was  shewn  by  Wilson 
Phillip  that  the  brain  and  spinal  cord  might  be  removed  entire, 
if  the  opBTHtiou  were  care&iU;  performed,  without  inducing  the 
audden  effecta  of  shock.  But  that  when  any  part  of  the  body 
was  violently  contused,  then  the  surface  became  pale  and  cold, 
the  heart's  action  faltered,  the  pulse  was  small,  sJid  every 
syroptiim  of  depression  was  manifested. 

All  theee,  and  various  other  actions,  are  intimately  connected 
with  the  influences  of  the  ganglionic  system  of  nei'ves  over  the 
blood  vessels,  which  wo  liave  neat  to  notice. 

Infiutiice  11  animal  heat. — Division  of  the  aympathetic  in  the 
neck  was  observed  to  produce  remarkable  changes  in  the  eye, 
especially  redness  of  the  conjunctive,  contraction  of  the  pupil, 
retraction  of  the  eyeball  within  the  eye,  &c.,  by  Parfour  du 
Petit  in  17^7,  by  Dupuy  iu  1616,  by  Brachet  in  lS37,and  by  John 
Beid  in  1838.  In  166£  Bernard  amiounced  his  discovery  that,  in 
addition  to  these  phenomeua,  the  operation  caused  great  increase 
of  animal  heal  on  lliat  side  of  the  head  on  which  the  sympathetic 
had  been  divided  ;  and  Brown  Sdquard  shewed  that  galvanisa- 
tion of  the  Bym|)athetic  diminished  the  temperature,  and  pro- 
duced contraction  of  the  arteries. 

The  elevation  of  temperature  commences  immediately  after 
the  section  of  the  sympathetic  trunk,  between  the  inferior  and 
suiierior  cervical  ganglia,  so  that  not  unfrequently  iu  n  few 
minutes  a  difference  in  temperature  uraounting  to  4"  or  6"  ce\k- 
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tigrade  exists  between  the  two  sides  of  the  hcntl,  and  is  rcndily  I 
appreciated  by  the  hand.  In  rabbits  theae  disappear  iu  1 
18  days,  but  in  dogs  they  eontinuo  six  weeks  or  two  mot 
After  extirpation  oE  the  superior  cervical  gauglion  the  etfecta  | 
are  more  i-apid,  intense,  and  lasting.  In  a  dog  operat«d  on  b; 
Bernard,  tliey  were  still  very  intense  a  year  and  a  half  aft«r 
removal  of  the  superior  cervical  ganglion.  If  the  animal  re- 
main in  good  condition,  no  cedcniatoua  or  inflammatory  action 
takes  place.  But  should  it  fall  sick  or  become  exhausted,  the 
nasal  and  ocular  mucous  membranes  of  the  affected  side  become 
red  and  swollen,  and  discharge  pua  abundantly.  These  results, 
described  by  Dnpuy,  John  Keid,  and  others,  are  not  uccessarilj 
caused  by  section  of  the  sympathetic,  but  by  the  debility  of  the 
animal.  Bernard  conclusively  proved  that  this  tncreaae  of 
temperature  did  not  follow  KectLon  4if  the  seniory  or  motor 
nerves.  Brown  S^uard  shewed  that,  when  the  cephalic  end  of 
the  divided  sympathetic  nerve  is  irritated  by  a  strong  inter- 
rupted g.-ilvanic  current,  the  phenomena  caused  by  its  section 
disappear.  The  pupil,  from  being  oontraet«<i,  becomes  larger 
than  on  the  sound  aide  ;  the  eye,  which  was  sunken,  project*  ' 
from  the  urbit  \  the  vascular  turgescouce  of  the  parts  disappeora, 
and  their  temperature  falls  below  the  natural  standard.  When 
the  galvanic  current  is  stopped,  the  phenomena  produced  by  the 
Motion  reappear,  and  on  its  reucwed  application  are  aj 
(liapelle<l. 

These  remarkable  effects  are  attributable  to  section  of  the 
sympathetic  nerves,  causing  paralysis,  relaxation,  and  congestiot 
of  the  blood  vessels,  whilst  irritation  of  the  nerve  induces  their 
1,  aud  a  diminished  flow  of  blood, 
it  importance  of  these  facts  in  explaining  the  cauK  of 
important  diseases  must  be  obvious.  Thusfevera  a: 
ushered  in  by  a  feeling  of  cold  or  rigor,  and  fallowed  by  increase 
of  heat,  indicating  irritation,  and  then  paralysis  of  the  sympa- 
thetic system  of  neives.  In  inflammation  there  is  added  to 
mere  vaso-motor  phenomena  some  lesion  of  the  ex  cito- nutrient 
nerves,  causing  exudation  from  the  blood  vessels.  In  cholera 
there  is  prolongation  of  the  cold  or  algide  state,  hence  the  pallor 
and  blueuess  of  the  surface,  and  the  congestion  nnd  enormous 
discharKCB  from  the  gastric  and  mucous  membranes.  To  these 
are  superadded  the  excito-motory  actions  of  cramp  and  ^Hum& 
s  other  equidly  important  examples  might  be  added. 
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Tt  follows  that  the  fuiictions  of  the  eympathetic  BjBt«m 
of  ueiTea  are — 1st,  A'jciVo-nio/of^,  thereby  reguLiting  the  con- 
tractions of  the  n  on -voluntary  muscular  fihrcs  ;  Sd,  Excito- 
KCretory,  whcrehy  the  various  aecretiona  are  governed ;  3d, 
EjccUo-nxUritKt  or  vato-^nnlor,  operating  more  eapecinlly  on  the 
biood  vesaela,  and  tben-hy  regulating  the  circolatiou  in  the 
capiUariiis,  and  the  aluoiint  uf  nDimnl  heat. 


SrBciAL  Senses. 
The  nature  of  Beoaation  \\rts  nircady  been  dwelt  upon  ;  and 
it  haa  been  shown  to  depend  esaeutially  on  the  existence  of 
niinJ,  or  the  conseiouBnesa  of  impreaeiona  made  on  the  sensitive 
nerves.  Ferfumea  do  not  exiat  in  flowers,  bent  in  fire,  nor 
Bonod  in  »  musicnl  inBtninjeut.  It  iathe  efTect  produced  on  our 
minds  through  the  senses  that  call  such  seuaationa  into  exiat- 
eiiee.  Tbe  iinpressicins  wliteh  re-SMltfrom  the  stimuli  of  odours, 
sapid  bodies,  contact  of  hard  or  irritating  substances,  of  light 
and  of  sound,  however,  are  different.  For  the  reception  of  these, 
nerves  with  peculiar  endowmenta  are  provided  ;  and  to  them 
are  added  a  special  atructure  or  organ  adapted  for  the  purposes 
of  amell,  taate,  touch,  vision,  and  hearing.  It  is  poasible,  as 
previously  noticed  (p.  28G),  that  there  may  be  tubules  poasess' 
iug  endowments  for  conveying  influencea  from  other  impres- 
sions than  those  just  referred  to,  but  these  are  not  yet  knuwn. 
Hitherto  many  distinct  seusatione  huve  been  considered  aa  only 
varieties  of  one  «jnse,  such  as  with  regard  to  touch,  those  of 
pressure,  tickling,  pain,  cold,  warmth,  smoothueaa,  roughuesx, 
hardnesD,  softness,  &c.  So  with  the  widely  different  hinds  of 
smell,  taste,  sounds,  and  ocular  images.  In  a  case  of  partial 
paralysis  under  my  care,  it  wiia  distinctly  proved  tliat  the  in- 
difidua]  was  insensible  to  cold  apjilications,  while  warm  ones 
were  immediately  recogniaed  ;  lud  there  are  individuals  in  like 
manner  who  can  readily  detect  some  smelU,  inatea,  souoda,  and 
colours,  while  they  cannot  diatinguiah  others.  Again,  the  aen- 
eatinna  of  hunger  and  thirst,  of  weariness  and  sickness,  cannot 
be  referttd  to  any  of  the  five  recognised  senses  These  facts 
point  to  the  existence  of  additional  endowments  in  certain 
nerve  tubules  as  distinct  from  each  other  aa  those  which  ore 
capable  of  transmitting  the  infiuencea  produced  by  Ught  or 
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The  material  cause  of  odoars  ia  the  presence  in  the  air  ] 
of  substances  in  an  extremely  fine  state  of  division,  or 
01U  mAttere,  often  of  a  very  subtle  ilegcription.  According  to  | 
Professor  Orfth&m,  "odorous  substances  are  in  general  tnich  u 
can  be  readily  acted  on  by  oxygen.  For  example,  sulphuretted 
liydrogen,  one  of  the  moat  intense  of  odours,  ia  rapidly  decom- 
posed in  the  air  by  the  action  of  the  oiygen  of  the  atmosphere. 
In  like  manner  the  odorous  hydro-carbons  are  all  oiydiaabl« — 
the  ethen,  alcohol,  and  the  essential  oils  that  make  aromatic 
perfumes.  The  gases  that  nuke  no  smell  are  not  acted  on  by  I 
oxygen  at  ordinary  temperatures.  Tlie  marsh  gs«,  carburetted 
hydrogen,  is  a  remarkable  case  in  point.  This  gas  has  no  smell. 
As  a  proof  of  the  absence  of  the  oxydisable  property,  Professor 
Graham  haa  obtained  a  quantity  of  the  gasfrom  the  deep  mines 
where  it  had  lain  for  geological  ages,  and  has  found  it  actnally 
mixed  up  witli  free  oxygen,  which  would  not  have  been  possible 
if  there  had  been  the  smallest  tendency  for  tlie  two  to  combine.  I 
Again,  hydrogen  has  no  smell,  if  obtained  in  the  proper  circnm-  I 
stances.  Now  this  gas,  although  combining  with  oxygen  at  a 
sufficiently  high  temperature,  does  not  combine  at  any  tempera- 
ture endurable  by  human  tissues.  It  ia  fuKher  determined 
that,  unless  a  stream  of  air  containing  oxygen  pass  into  the 
c&vittes  of  the  nostrils  along  with  the  odoriferous  effluvium,  no 
smell  is  produced.  Also,  if  a  current  of  carbonic  acid  gas  ac- 
companies an  odour,  the  effect  is  arrested.  These  facts  go  to 
prove  that  there  is  a  chemical  action  at  work  in  smell,  and  that 
this  action  consists  in  the  combination  of  the  oxygen  of  the  air  . 
with  the  odorous  substance."* 

All  animal  effluvia  are  dense  gases  (except  sulphuretted  fay-  ' 
drogeu),  and  are  diffused  slowly.  In  course  of  a  little^time  they 
will  mingle  with  the  lighter  gases,  according  to  the  law  of  dif- 
fusion, but  innsmuch  as  they  thereby  become  dilutei),  tbe  odour 
wiU  best  be  perceived  somewhere  near  the  ground.  It  is  on 
this  account  tliat  the  pointer  and  bloodhound  run  with  the  nose 
to  the  ground.  The  effluvia  from  decaying  matter  will  be  smelt 
in  the  ground  floor,  scarcely  perceived  by  the  persons  in  ths  , 
first  floor,  and  perhaps  not  at  all  in  the  garrets.  Hence,  it  ii 
tliought,  the  danger  of  lying  on  the  ground  in  tropical  swamps, 

*  BalD  on  tbe  Sciuts  ud  tbo  Intellect,  p.  1S3. 
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wliile  suspended  on  poles  or  from  a  tr«e  in  a  hammock,  a 
persDU  may  paas  the  niglit  in  safety.  In  Naples,  whore  the 
soil  is  volciinic:,  and  the  air  tainted  with  unpleasant  smells,  the 
better  cIkhs  of  ioliabitaDta  live  in  the  upper  stories. 

To  cauM  smell,  all  odorous  Hubstoncea  must  be  transmitted  in 
a  current  over  the  membrane  on  which  tlie  olfactory  uerre  is 
ramified.  This,  in  aoimals  who  live  in  air,  is  accomplished  by 
the  respiratory  movements  ;  and  hence  auspension  of  respira- 
tion prevents  the  perception  of  odour,  or  sense  of  smell,  whilst 
repeated  quick  inspirations,  as  in  the  act  of  miffing,  renders  it 
more  intense  and  prolonged.  On  thia  account  the  sense  of  smeU 
has  been  coosidered  an  appeiidAge  to  the  function  of  respira- 
tion, as  that  of  taste  is  an  appendage  of  the  function  of  diges- 
tion. This  view  is  supported  by  the  fact  that  the  mucoua 
surface  of  the  Dostrila,  like  that  of  the  respiratory  apparatus,  is 
covered  with  columnar  ciliated  epithelium.  The  acuteness  of 
scent  varies  in  different  animals,  and  bears  a  certain  relation  to 
the  size  of  the  nostrils  and  turbinated  bones,  being  greater 
where  these  are  large  and  extended. 

Hittology  of  the  organ  of  imdl. — Theolfnctory  bulb,  according 
to  I»ckhart  Clarke,*  is  a  remarkable  ganglion,  compo««d  of 
various  layein  of  nuclei,  multipolar  cells,  and  nerve  tubules, 
terminating  in  a  ciliated  epithelial  surface  in  the  centre,  where 
there  exists  a  cavity  or  ventricle.  The  nerves  also  sent  through 
the  cribiform  plate  of  the  ethmoid  bone  terminate  in  aii  epithe- 
lium of  a  sepia  brown  colour  (Todd  and  Bowman),  whic^b  covers 
the  dtvep-seated  portions  of  the  turbinated  liones,  and  the  upper 
third  of  the  septum  of  the  nose.  They  consist  of  gelatinous 
nerve  fibres,  with  nuclei  embedded  in  them,  and  towards  their 
external  I'stremities  give  off  lateral  fine -branched  filaments 
before  connecting  themselves  with  the  epithelium.  This  con- 
sists of  flat  nucleated  plates,  figured  by  Eck^  (Plate  XVT. 
figs.  4  and  5),  Clarke,  and  Schultze,  containing  finely- molccnlar 
matter,  sometimes  ending  abruptly  (Fig.  &),  at  others  having 
ciliii  at  their  free  surfaces  (Schultze).  It  is  necessary  that  the 
niuoouB  surfacB  covering  the  eipausion  of  the  olfactory  nervea 
should  In  mo<ierately  moist ;  for  if  it  be  too  dry  on  the  one 
hand,  or  too  moist  on  the  other,  tlie  eem»  is  impaired  or  lost. 
The  ducts  of  the  mucous  glands,  therefore,  piuti  fre>ely  between 
the  epithelial  plates,  and  diffuse  mucous  over  the  surface.    (See 

■hoU.  ZoaloEl*.  bd,  iL  belt.  1. 
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Fig.  4.  d,  e.)  The  situntion  of  the  sensitive  surface  high  up 
noHtri  Is  secures  it  from  the  direct  rontact  of  lur.so  fiato  preveok 
rapid  evaporation  and  dryuess ;  while  the  convulutioDS  i>[  the  tnr- 
hinatfid  bouea,  over  which  the  currents  of  air  pass  before  reaching 
the  seat  of  special  aense,  conanmuicate  heat  to  tliem,  and  tliua 
prevent  the  action  of  cold.  The  peculiar  structure  described, 
induced  Todd  and  Bowman  to  suppose  that  the  olfactory  bulbs 
received  the  influence  of  impresaions  iu  the  same  manner  tliat  » 
nervous  centre  or  ganglionic  plexus  does, — that  is, 
at  first  hand, — so  that  the  wind  becomes  cognisant  of  them 
without  their  being  conducted  by  meaus  of  white  substance  to 
the  brain.  This  idea,  though  ingeniously  derived  from  dis 
faistological  arrangement,  is  opposed  to  the  fact  that  smell  ha! 
the  same  connection  with  mind  as  all  the  other  sensations. 

Pathology. — The  sense  of  amell  may  be  exalted,  perverted,  (W 
lost  It  ia  appurenlJy  increased  by  education,  of  which  thai 
of  James  Mitchell  ia  an  iuteresting  example.  This  boy 
born  blind,  deaf,  and  dumb,  and  chiefly  depended  on  smell  for 
keeping  up  a  connection  with  the  external  world.  He  employed 
it  on  all  occaaioQB,  like  a  domestic  dog,  in  distioguishing  persons 
and  things.  In  some  cases,  emeU  ia  exceedingly  acute  for  parti- 
cular Bubstances,  so  as  to  be  intolerable  and  distracting  to  those 
who  BuSer  from  it  Certain  flowers,  or  particular  odours,  have 
in  this  way  caused  fainting  or  other  bodily  disorder.  In  other 
cases  the  smell  is  perverted  or  diminished,  and  occasionally  is 
lost,  as  when  the  Schneideriau  membrane  is  inflamed.  Good 
relates  the  case  of  a  lady  who  never  possessed  the  faculty  of 
smelling,  a  defect  supposed  to  depend  on  congenital  absence 
of  the  olfactory  nerve.  Of  this,  examples,  found  after  death|. 
are  recorded  by  Cerutti,  Pressat,  and  others.  In  a  similH 
observation  by  Bernard  in  a  woman,  it  w.ia  asserted  after, 
her  death,  by  those  who  knew  her  intimately,  that  she 
perfectly  well.* 

In  recent  times  it  has  been  strongly  maintained  that  certain. 
smells,  and  the  emanations  that  give  rise  bo  them,  a 
of  wide-Bpread  and  liangerous  epidemic  diseases.     The  cai 
of  these,  in  truth,  are  very  obscure,  and  nothing  theretora 
easier  than  to  attribute  scarhitina,  typhus  and  typhoid  fei 
diphtheria,  &c.,  to  some  smell  inherent  in  the  natural 
tioos  from  plants  and  animals,  or  resulting  from  their  pul 

■  S;iUmo  Norve  Ex.  Mm.  II.  p.  S3t. 
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hction.  Tlie  Eollowinf;  considemtiotis,  therefore,  nmy  be  viOunble 
in  a,  sanitary  point  of  view. 

I.  Maiig  placet  aiih  ttrong  odoura  have  been  proved  never  to 
prodtut  diteate. — This  haa  beeu  ahewu — 1.  In  the  perfumed 
pinina  near  Caunes,  Nice,  &c,,  where  flowers  are  largely  cultivated 
to  piwluce  distilled  fragrant  eaHenceB.  2.  Formerly  at  Mout- 
faucou,  in  Paris,  and  at  present  in  the  Forest  of  Boudy,  where 
the  sewage  of  Paris  ia  miU)ufaoture<]  iuto  poudretle,  the  smetl 
was  and  is  inteuae,  and  has  often  been  complained  of  as  a  nuis- 
,  but  at  no  time  could  it  be  shewn  to  have  originated  disease. 
3.  The  Thaniea,  in  ISaS,  in  consequence  of  ita  disgusting  putrid 
odours,  was  loudly  eomplained  of,  but  no  disease  was  caused  by 
it.  4.  The  Craigtntiany  meudowa,  near  Edinburgh,  have  for  SOO 
yean  lieen  reudered  fertile  by  cauxiag  the  drainage  of  the  city  to 
flow  over  them.  Tiie  odour  is  often  very  bad,  but  they  o<xasion 
no  unhealthinesB.  6.  The  drains  in  Naples  run  down  to  the  sea, 
having  large  slits  in  them  opening  into  the  streeU,  and  the 
beautiful  bay  is  rendered  foul,  close  to  the  shore,  with  the  drain- 
age of  the  city.  This,  combined  with  the  sulphuretted  hydro- 
gen given  off  from  the  »olcanio  soil,  renders  the  atmosphere  so 
unpleasant,  that  the  rents  of  the  dwellings,  unlike  what  exists 
in  odier  cities,  augment  as  the  apartments  ascend  in  the  stair. 
The  latriat*  in  the  jiubltc  hospitals  also  exhale  the  most  firtid 
ammouiacal  gases.  Notwithstanding,  neither  in  the  city  nor 
the  hospitnls  is  fever,  and  especially  typhoid  fever,  so  common 
»s  in  other  cities  of  the  some  size.  6.  Drs  Livingstone  and 
Kirk  informed  we  that  in  Africa  the  smell  of  the  mangrove 
swanips  was  often  intolerable,  but  were  never  productive  of 
disease. 

11.  Atmoipheric air,  productive  of  tkt ntotl  dangerous epidemtct, 
may  be  quiie  inodorous.— TIm  has  been  proved  in  various  part« 
of  the  world,  as  in  the  ro.irshes  of  Essex  and  Lincolnshire,  the 
low  grounds  of  Holland,  the  Campagna  of  Some,  the  Delta 
of  the  Oanges,  the  swampe  of  Louisiana,  the  Guinea  coast, 
Jamaica,  and  many  other  places.  It  haa  never  beeu  known  that 
those  who  catt:h  intermittent,  remittent,  or  continued  fevers,  on 
visiting  such  localities,  have  connected  the  morbific  causes  with 
peculiar  smells.     It  follows  that — 

ill.  There  it  iu>  necettary  connection  bttmen  tmelU  and  del<- 
terioTU  gastM.^Some  o!  these  have  smells,  such  as  autphui-etted 
hydrogen,  whilst  olhew  are  inodorous,  such  as  c£irboiiv<i  wjii 
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gaa.  Now,  it  is  to  be  observed,  that  what  makes  tbeae  and 
(ilher  gaaes  injuriona,  is  their  being  so  conoen Crated  as  to  ex- 
dude  atmonpheric  air,  or  their  being  pent 
places,  from  which  they  cannot  escape.  Hence  why  work- 
men going  down  into  pits  expire,  for  the  same  reason  that 
Jogs  do  in  the  Grotlo  dd  Canit.  It  has  been  asserted,  however, 
that  Hmells,  thongh  not  injurious  in  themselres,  give  indications 
of  danger.  At  a  discnsgioo  on  thia  subject,  which  took  p1ac« 
in  the  Physiological  Section  of  the  British  Association  in 
September  1664,  one  diemist  maintained  that,  ilnring  pntre- 
faction,  the  smell  was  given  off  first,  and  the  noxious  TapooT 
afterwards  ;  whilst  anotlier  declared  that  the  snieU  was  given 
olf  last,  and  was  the  proof  thnt  all  danger  had  ceased.  The  first 
likened  smell  to  the  tail  of  the  lion,  which,  when  seen,  gave 
evidence  that  the  claws  and  teeth  were  not  far  off ;  while  the 
second,  continuing  the  similu,  declared  that  a  sight  of  the  tail 
was  the  best  evidence  that  danger  was  departing.  I  do  not 
believe  that  BuielU,  as  smells,  are  injurious  to  health, 
they  a  nnisance  to  those  wlio  live  among  them,  as  the 
most  re-idily  paralysed ;  yot,  one  of  the  great  difficnlties  ii^~ 
making  the  sewerage  of  towns  useful  in  agriculti 
from  exaggerated  notions  ae  to  the  danger  of  smells,  and  tlu, 
necessity  of  deodorisation. 


eae  and  ^^H 
IS  to  ex-  ^^H 
confined     ^^* 


Taatt. 


Tliis  fi 


9  dependent  on  the  iiftb  and  glosaopharyngesj   1 
nerves, — the  former  distributed  to  the  two  anterior  thirds,  and  I 
the  latter  to  the  posterior  third  of  the  tongue.    The  eiperimenta    > 
of  Stich  and  Kllnstsch  *  shew  that  the  sense  of  taste  exists  over 
the  whole  surface  of  the  posterior  third  of  the  dorsum  of  the 
tongue,  on  the  under  surface  of  the  tip,  and  in  a  band  or  line 
about  one  quarter  of  an  iuc^h  broad,  running  along  its  edge. 
The  sense  is  also  well  defined  in  the  posterior  parts  of  the  hajd 
palate,  and  in  that  portion  of  the  soft  palate  which  is  near  the 
bone.     It    is,  further,  present  in   the  anterior  pillaTS  of  the 
fauces.     The  middle  and  anterior  part  of  the  dorsum,  the  gunui  ■ 
posterior  pillars  of  the  fauces,  and  the  inner  surface  of  tbe  lip^  J 
possess  no  sense  of  taste. 

Jlintoloijy  of  the  organ  of  tatle. — Tile  tongue  is  covered  0 
with  minute  pnpillte,  described  by  Todd  and  Bowman,  whidi,,  I 

■  Arebv. ).  Pith.  Aut.,  bd.  xlv.  i&ss,  p.  kid,  uid  bd.  xvUL  p.  80. 
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when  imigiu6ed,  present  four  priucipal  formii,  viz., — let,  Simple 
papiUiB,  which  are  ncuttereU  over  the  generul  surface  of  the 
tongue.  They  are  buried  iu  the  contiijuous  sheet  of  the 
epithelium,  ami  preaeiit  the  geuerul  characters  of  iJie  cutttneous 
papillie  ;  StI,  Couical  or  filiform  papilhe.  These  project  from 
the  Burface,  auO  are  fiimiabeJ  with  long,  puioteU  proceaaea, 
some  of  which  approudi  liairti  in  ttieir  stilTuesa  auil  atracture 
(Plate  IX.  fig.  »,  a,  b,  c) ;  30,  FuDgiform  papillae  are  scatt«red 
singlj  over  the  tougiie,  chiefly  upon  its  sides  and  tip^  They 
vary  in  number,  from  160  to  SIW.  (SsabadfOldy.)  They  pro- 
ject ooimitleniljly  from  thi-  surface,  ore  usually  aarrower  at  Uieir 
basis  than  attheir  surface,  iiud  exhibit  uamerous  simple  papilln 
on  Ibeir  surface.  (Plate  IX  fig.  8,^.)  Tliey  contain  u  com- 
plex capUUry  plekUB  (Fig.  0  ttnd  Plate  XI.  fig.  14),  among 
which  lie  the  tei'uiliial  loups  of  tbe  nerves ;  nud  4th,  Circuu- 
voUate  or  calciform  papillie.  Theue  aj«  8  or  10  in  number,  and 
iu%  situated  iu  a  V-ahuped  line  at  the  base  of  the  tongue.  Each 
consists  of  a  ceiitral  flatteued  circulnr  projection  of  the  mucona 
membrane,  surrounded  by  it  ring  of  aimilur  elevation,  from 
which  it  is  sejiaratuJ  by  a  depression  or  fossa.  The  surface  of 
both  centre  and  surrounding  ring  is  smooth,  and  covered  by 
scaly  epithelium,  iu  which  ore  embedded  a  multitude  of  simple 
papilltB.  A  verliml  section  eihibita  the  structure  represented 
Plate  IX.  fig.  7.  It  is  su|)posed  that  the  two  former  ore  niDre 
especially  concerned  iu  theseuse  of  touch,  with  which  the  tongue 
is  also  highly  endowed  ;  whibt  the  two  latter,  but  pnrticitlarly 
tlie  last,  constitute  more  especially  the  apparatus  uf  taste. 

According  to  Todd  and  Bowmaoi,  Uie  filiform  papilla,  from 
their  isnlation  and  partial  mobility  upon  one  another,  must 
rentier  the  delicate  touch  with  which  they  are  endowed  more 
availalile  in  directing  the  muscular  actions  of  the  tongue. 
Bapid  bodies  preteed  against  the  fungiform  and  circumvallate 
papillK  give  riM  to  imprcssioiw  which,  when  transmitted 
to  the  brain,  occasion  the  peculJAr  seuaation  of  taste.  Tlie 
nite  in  some  persuus  than  in  othere  ;  may 
bo  intensified  by  education,  as  is  remarkably  well  observed 
iu  wine  tasters  \  and  is  diminished  or  lost  in  febrile  or  other 
diaurders  which  alter  the  condition  of  the  mucous  surface  of 
the  tongue  and  mouth.  It  is  intimately  connected  with,  and 
modified  by,  the  sense  of  amcll,  so  that  dewing  the  nostrils 
diuiiuialiea  and  often  destroys  tliat  of  taate.     The  ^t'uq^a.''.  ee^- 
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KitioDs  caused  l>y  mustard,  pepper,  S:c.,  are  owing  to  tJtff 
excitation  of  touch,  mid  nhuuld  be  separated  from  those  (rf  ta«ta>i 
Like  that  of  smell,  the  sensation  of  taste  is  sood  paralysed,^ 
though  not  BO  readily.  On  repeated  aipping  of  a  high-flavonrefik 
wine,  it  cetisea  to  be  tasted,  until  the  function  be  Temoved  ~ 
eating  a  little  cheese  or  other  flavoured  substanev. 

There  can  be  no  doubt  that  the  tongue  furnishes  us  with  a 
proof  that  the  same  nerve  whicb  administers  to  ordinaij  aensi- 
bility,  or  the  sense  of  touch,  also  conunuuicates  special  sensibility, 
or  that  of  taste.  What,  however,  is  more  difficult  to  expluin, 
is,  that  while  the  one  sense  may  be  paralysed,  the  other  may 
remain  perfect.  Several  cases  demonstrate  this.  Tlius,  a  lady, 
observed  by  Mr  Noble,  had  half  the  tongue  insensible  to  qt- 
diuary  physical  agontB.  A  knife  placed  in  boLting  water,  and 
laid  horizontally  on  the  tougne,  was  only  felt  on  the  right  side. 
The  left  side,  wheu  wonnded  by  a  lancet,  caused  no  feeling  of 
pain.  The  patient  could  distinguish  on  both  sides  with  equal 
delicacy  bitter,  sweet,  and  saliue  substAQces.  An  ingenionti 
eiperimant  gave  at  once  the  donble  demonstration  of  loss  of 
tactile  Bcnaibility  and  preservation  of  special  sensibility.  The 
tongue  having  been  thrust  oiit  of  tlie  mouth,  a  piece  of  salt  and 
a  piece  of  sugar  were  alIowe<l  to  frJI  separately  on  the  right  and 
left  side.  The  shock  and  the  contact  were  felt  on  the  right  side 
only,  but  when  the  substances  began  to  melt,  the  taste 
at  once  on  both  sides,*  Vogt,  Bernard,  and  others,  have 
described  similar  facts,  which  support  the  conclusion  that 
other  nei-ve  must  be  connected  with  the  special  sense — supposed' 
to  be  the  Chorda  jymjjojii.     (See  p.  319.) 


ita.^^1 


Touek. 


This  sense   is  dependent   on  the  nerves 
bility  distributed  tu  all  parts  of  the  surface.      But  here  all 
we  observe  tliat  a  distinct  atnictiire  is  necessary  for  the  mani> 
festation  of  the  peculiar  pro|)erty. 

Hittology  of  tht  organ  of  touch. — This  consists  in  the  papillM 
of  the  true  akin,  which  are  variously  modified  in  different  parts 
of  the  body,  in  proportion  ta  the  acutenesa  of  the  sense.  In 
the  papillie  of  the  fingers  and  a  few  other  placef ,  minute  in- 
durated bodies  of  condensed  fibrous  tissue  were  discovered  by 
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Wagner,  radlad  touch  hod'ia  (Plate  XVI.  fig.  in),  wliich  have 
been  supposed  cupaLle  of  renileriag  tliis  stuae  wore  luiute. 
The;  are  iu  immediate  relation  to  a  nerve  ;  and  the  well-known 
effects  of  preuing  such  nerve  againat  a  hard  body,  na  in  the 
case  of  a  com,  may  well  be  supposed  c]t|iable  of  exalting  the 
Moeibility.  It  was  supposed  by  Wagner  tiiHt  the  papillm 
wbicU  contain  these  "axiZc  bodifi,"  were  different  as  regards 
vascularity  from  others  which  only  contain  capillary  loope,  such 
as  those  ua  the  lii^  (Plate  XI.  fig.  10).  But  no  such  distinction 
between  nerve  |Ktpillie  and  vascular  papilln  in  truth  exist,  the 
tvru  textural  elements  mingliug  together  in  varied  proportions. 
The  Pacinian  bodies  are  also  composed  of  coDcentric  circles 
of  Hbrous  tissue  forming  an  indurated  liody,  in  the  centre  of 
which  a  nerve  terminates  (Plate  XVI.  figs.  8  and  9).  They  are 
moat  common  in  the  mesentery,  especially  of  the  cat,  and  Krau»e 
supposes  they  are  conne<.'t«d  witit  the  meehaulsm  and  arrange- 
ment of  the  viscera  required  by  that  animal  in  the  act  of 
springing.*  TLougli  tonch  may  lie  intensified,  it  cannot  be  said 
to  be  dependent  on  these  bmiles. 

Weber  and  Valentin  have  waile  numerous  eiperiraents  witk 
a  view  uf  determining  the  amount  of  tactile  sensibility  in  the 
skin  at  different  places.  These  consisted  in  touching  the  skin, 
while  the  eyes  were  closed,  with  the  points  of  a  pair  of  compasses 
■heatked  with  cork,  and  in  ascertaining  how  close  the  points  of 
the  compasses  might  be  brought  to  each  other  and  still  be  felt 
as  two  bodies.  This  point  was  termed  by  Dr  Graves,  "  the 
limit  of  confusion."  The  results  were,  that  the  extremity  of 
the  third  finger  and  the  point  of  the  tongue  are  the  parts  most 
sensitive,  as  in  these  places  the  difference  of  half  a  line  could  be 
distinguished.  Neit  iu  senaitivenesa  to  these  is  the  mucous 
surface  of  the  lips,  where  the  two  i>oints  of  the  compasses  cim 
be  perceived  when  separated  to  the  distance  of  about  a  line  and 
a  half.  On  the  dorsum  of  the  tongue  they  require  to  be  sepa- 
rated two  lines.  The  parts  in  which  the  sense  of  touch  is  least 
acute  are  the  neck,  the  middle  of  the  back,  the  middle  of  the 
arm,  and  the  middle  of  the  thigh,  where  tlie  points  of  the  com- 
passes must  be  separated  to  the  distance  of  thirty  lines  iu 
order  to  be  distinguished.  Weber  and  Valentin  hjive  each 
given  elaborate  tables  shewing  these  parts  with  ulhera  exhibit- 
ing the  intermediate  amount  of  tactile  sensibility  over  tlie 
•  Zttu  I.  R>t  Hod.,  biL  ivu.  p,  en. 
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whole  Kurface.  Geaeralljspealiiiig,  the  trank  a  more  geludtiTe 
iu  the  medium  liue,  both  before  and  behind,  thau  at  the  aides. 
Some  peraoDB  distioguiah  the  points  of  the  compaesea  at  ont~ 
half  or  one-third  the  dislance  than  others  con.  CKemiak,  also, 
haa  pointed  oat  tliat  certain  individuaU  can  reccgniae  the  points 
more  readily  if  they  are  applied  one  aft«r  the  other  nttber 
than  applied  together,  Althongb  more  doaelj  approxiinat«d. 
When  the  skin  la  stretched,  the  delicacy  of  toncb  Is  diminished. 
We  have  already  referred  to  the  variety  of  feelings  which 
may  be  excited  by  the  senae  of  touch  (p.  327),  Buch  as  pressure 
or  resistance,  tickling,  pain,  cold,  warmth,  mioothneas,  rough- 
ness, harduesa,  softness,  &c.,  and  pointed  tu  the  probability  that 
this  may  liepeud  upon  difTereut  tubules  possessiug  differenC 
properties.  Weber*  made  many  experiments  with  regard  to 
teinperatare.  In  three  cnses  where  the  skin  was  destroyed  by  a 
bunt,  heat  and  cold  could  not  be  distinguished  over  thedenuded 
surface.  According  to  Norihnagel,t  slight  differences  in  tem- 
perature are  most  easily  recognised  between  80"  and  HI" 
Fahr.  Tlie  eyelids,  cheeks,  and  temples,  can  distinguish  varia- 
tions ajuoauting  to  not  more  than  from  0.4°  to  0.2°  C  The 
liand  and  finger  are  about  equally  sensitive,  bot  are  less  so  than 
the  forearm,  and  this  again  is  exceeded  by  the  upper  arm,  which 
can  distinguisli  a  difference  of  0.2°  C,  and  the  same  holds  good 
of  the  foot,  leg,  and  thigh.  Increase  of  cold  or  heat  beyond 
certain  limits  causes  pain,  and  not  a  sense  of  temperature,  and 
this  pain  is  much  the  stime  whether  caosed  by  one  or  the 
other,  as  is  often  experienced  in  toothactie.     It  has  also  been 

,   Moertained  that  below  the  Ekin  the  trunks  of  the  nerves  cannot 
goise  heat  and  cold,  any  more  than  the  optic  nerve,  after 

ftJaaving  the  retina,  can  be  stimulated  by  tight 

The  power  we  positeBB  of  referring  sensations  to  different 
parts  of  the  surface  is  very  mnch  the  result  of  education,  and  is 
obtained  during  infancy  and  childhood.  Anything  that  inter- 
cepts the  ordinary  course  of  events,  does  not  at  once  intercept 
our  power  of  mentally  aasociating  the  sense  of  touch  with 
various  organa.  Thus  pain  in  the  stump  of  an  amputated  limb 
is  still  referred  to  the  toes,  and  (why)  if  we  cross  our  fingera, 
and  touoh  rapidly  in  succession  a  ronnd  object  with  both,  WO 
f«ol  apparently  two  bodies  instead  of  one. 


uulwli  Anlilr. 
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Toiicli,  like  the  other  senses,  is  capable  of  being  gre&tly  im- 
proved, and  iDtenaified  b;  practice,  of  which  the  well-known 
power  of  {IiBti<iguiBhing  objects  anil  of  reading  by  raised  letteis 
poeHesaed  by  the  blind,  is  an  example.  Profeasur  Saundcrson  of 
Caiubriilge,  who  lost  his  sight  when  two  yenra  old,  could  dis- 
tinguiah  by  this  sense  genuine  medals  from  imitatiou  oue«. 
Othvr  blind  men  have,  by  their  exquisite  touch,  been  eunbled 
t«  become  sculptors,  conchologistA,  botanists,  kx. 

Sight  Of  Vition. 

This  sense  is  dependent  on  tb«  optic  nerve,  and  a  very  com- 
plex apparatus,  consisting,  in  man, — 1st,  Of  external  protective 
parts  ;  3d,  Of  a  set  of  muscles  destined  U>  move  the  organ  of 
vi&ion  in  variouH  directions  ;  3d,  Of  the  enpansion  of  the  nerves, 
adU  the  addition  of  a  gangliouJc  structure,  whereby  the  rays  of 
light  are  received,  and  the  influence  of  the  impreBsions  they 
excite  conveyed  to  Ibe  bruin  ;  and  4th,  Of  an  optical  appnratua, 
consisting  uf  truuspureut  media,  which  refract  the  rays  of  light 
upon  the  reUna.  The  eyeball  itself  consists  of  an  external 
fibrous  coat,  a  middle  or  vaacidar  coat,  an  internal  or  nervous 
coat,  and  of  contents  composed  of  tvfractivs  media,  a  minute 
description  of  which  is  purely  anatomical.  All  that  need  bo 
referred  to  here  is  the  special  fuDctious  and  hitttologicol  structure 
of  the  individual  parts  of  the  eye,  together  with  a  cuuiuderation 
of  the  whole  organ  in  relation  to  vision.  For  a  clear  npprecia- 
tiou  of  this  subject,  a  knowledge  of  the  physical  laws  counectvd 
with  light  is  e»ential.     (See  p.  134.) 

I.  2'A*tW<7'«a//»«i«(ii'e/>ai-(»,  composed  of  the  eyebrows,  the 
eyelids,  and  eyelashes,  serve  tu  shade  the  eye  from  excess  of 
light ;  to  iliffiise  over  the  cornea  the  sebaceous  nutter  and  Inc- 
iT&ial  fluid,  whereby  the  surface  i«  kepi  ductile  and  moist  ;  and 
iHt^i  to  prevent  the  access  of  iliist  floating  in  the  atmosphere. 
~  B  different  actions  are  for  the  most  part  involuntary,  and 
1  on  partly  by  the  cerebro-spinnl,  and  partly  by  the  gan- 
Ic  system  of  nerves  performing  eicito-motory,  excito-sBcr«- 
torj,  and  exci to- nutrient  functions.  The  watery  fluid  secreted 
by  the  lachrymal  gland,  and  which  is  diffused  over  the  anterior 
surface  of  the  eye  by  the  motion  of  the  lids,  keeping  it  moist 
and  translucent,  is  conducted  by  two  openings  in  the  inner 
corner  of  the  eye  through  the  lachrymal  duct  int«  the  nose,  from 
whence  it  is  discharged.  -  ~.^n. 
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i.  Tht  rye-ball  hue  a  mnarkable  amoont  of  moliilitj, 
•equence  of  six  iiiiisd«s,  four  straight  ajid  two  oblique,  which 
act  upon  it  in  vsrioufi  wnys.  They  nv  supplied  by  the  third, 
fourth,  and  aixtb  pnint  of  motor  nervea.  and  by  ft  senatire 
branch  of  the  fifth  pair.  The  object  of  no  many  nerves  being 
distribnted  to  them  seems  to  be  the  correction  or  prereotion  of 
the  simultaneous  action  which  would  take  pbkce  in  the  two  eytm 
if  all  their  muaclee  were  supplied  by  branches  of  the  sameuerTfl. 
Thus,  :n  turning  the  eyes  outwards,  the  third  nerve  acts  in  the 
one  eye,  and  the  sixth  in  the  other.  If  the  same  nerves  werB 
stimulated  in  both  eyes,  they  would  be  both  turued  either  out- 
wards or  inwards.  The  action  of  these  muscles,  and  its  amouut^ 
can  be  well  studied  by  means  of  the  of^iolmotrope  of  Reut« 
(PUte  XXI.  fig.  23).     (See  Practical  Physiology.) 

3.  The  retina.— The  optic  nerve,  on  entering  the  eyeball,  is 
a  little  compressed,  but  on  reaching  the  internal  surface,  divide* 
into  minute  branches  which  inosculate  together  to  form  a 
brane.  (See  Plate  XYI.  fig.  6,  i.)  On  the  inside  of  this 
brane  is  jikced  a  layer  of  ganglionic  cells  (Fig.  6,  A)  embedded 
in  molecidar  matter,  which  send  off  processes,  chiefly  outwarda 
These  two  layers  contain  a  vascular  plexus  of  capillaries  derived 
from  the  arteria  centralis  rttinie.  Immediately  external 
ganglionic  layer  is  a  fine  molecular  layer — the  vesicular  layer 
of  Bowman  (Fig.  6,  g),  and  outside  this  is  a  grattulor  layer  (Fig. 
6,  d),  succeeded  by  ajiother  molecular  layer — the  vifmlirana  fene- 
tCralfi  of  Krause  (Fig.  6,/}.  Outside  this  is  a  second  granular 
layer  which  sometimes  presents  a  striated  appearance  (Fig.  6,e); 
and  litstly,  most  external  and  close  to  the  choroid  membrane,  is 
the  bacillary  layer,  or  membtane  of  Jacob,  composed  of  rods  and 
coned  (Figs.  6,  a,  6},  standing  vertical  to  the  retina,  and  oom- 
posed  of  a  structureless  transparent  substance  resembling  glass 
in  appearance.  The  rods,  which  are  external,  and  cones,  ar« 
each  composed  of  an  outer  and  of  an  inner  segment,  which  axe 
separated  from  one  another  by  a  bright  transverse  line  (Fig.  S, 
B,  b,  e,  and  C,  a).  The  former  Iiave  their  thickest  portion  or 
shaft  directed  outwards,  whilst  with  the  latter  it  is  the  revera^, 
their  broad  bases  resting  on  a  thin  membrane,  called  the  external] 
Umitary  membrane.  According  to  KSlUker,  the  cones  coutftiw' 
A  nucleus,  and  are  therefore  elongated  cells.  These  differeDt 
layers  are  eouuucted  together  by  oontiauoua  filaments,  ru: 
from  the  rods  to  the  internal  limitary  membrane  which 
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immediate  cootact  with  the  vitreous  humoar.  (Fig.  6,  A,  v.) 
These  are  the  fibres  of  Mliller.  {See  Fig.  6,  B  nud  C.)  The 
whole  retion  is  trauspareut,  and  the  rays  of  light  puas  completely 
through  it  buck  to  the  choroid  membrane,  and  are  reneded  fay 
the  rodsofJacob'smetubnuie,  forwards  to  the  seDsitive  branches 
of  the  optic  nerve,  which  convey  the  iuflueuce  of  the  impresaiuns 
BO  excited  to  the  brain,  to  produce  the  sense  of  vision.  This 
n(^>ear«  to  be  demonstrated  by  two  facts :  Ist,  That  at  the  point 
where  the  optic  uerve  enters  there  nre  only  nerve  tubulee,  and 
none  of  the  ganghonic  hiyers  or  roda,  and  tliis  point  is  insensible 
to  light  2d,  That  in  the  foramen  of  Soemmering  in  the  axis  of 
vision,  the  branches  of  the  ojitio  nerve  and  internal  layers  are 
abHeat,but  the  layer  of  rodsaudcones  exist,  and  here  sensibility 
to  light  is  most  perfect.  The  bauillary  membrane  would  appear, 
therefore,  to  be  the  easeutial  portion  of  the  retina. 

For  the  method  by  which  the  retina  may  be  examined  in  the 
living  subject,  by  means  of  the  opthalmoscope,  see  Fmctical 
Physiology. 

4  The  optical  apparatia  consists  of  four  lenses  of  different 
atractures,  densities,  and  curves,  filling  up  the  substance  of  the 
ball,  and  forming,  with  the  strong  external  case  or  sclerotica, 
and  the  choroid,  a  perfectly  achromatic  camera  obscura. 

Cornai-^The  moat  anterior  of  these  lenses  is  the  cornea, 
composed  of  condensed  epidennis  resembling  hum ;  and  hence 
ils  name.  A  vertical  section  through  this  structure  exhibits 
(see  Flate  XVI.  fig.  12),  1st,  An  external  layer  of  nucleated 
epithelial  cells  forming  tlie  conjunctiva  (Fig.  13  a)  ;  Sd,  A  clear 
stracturelefis  firm  membmne,  the  anterior  elatttc  lamina  (Fig. 
IS,  b)  ;  3d,  A  laminated  structure,  the  edges  of  which  resemble 
fibres,  with  fusiform  spaces  or  btfunn  communicating  with  each 
other,  and  attached  to  the  anterior  elastic  lamina  by  crossed 
fibree  (Fig.  12,  c)  ;  4th,  Another  atnictureless  firm  tiajuipareot 
membrane,  the  poiterior  elastic  lamina  (Fig.  Isj,  d) ;  and  lastly, 
and  moat  internally,  a  delicate  layer,  having  a  single  layer  of  cells 
embedded  in  it — the  membrane  of  Descimet.  The  cornea  is  fur- 
nished with  a  vascuhir  Bone  of  capillary  vessels  round  its  ext«mal 
margin,  the  larger  central  portiuu  being  non-vaBcular.  Bundles 
of  fine  nerve  tubules  also  proceed  from  tho  circumference,  and 
form  a  wide-spread  plexus  through  its  subetance, 

Aqueoiu  kumoar. — The  second  lens,  proceeding  backwards,  is 
composed  of  a  watery  fluid,  or  nttueous  humour,  principally 
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accumukted  betweeo  the  nimea  and  the  iria.    It  contains  in,  ' 
sulution  a  miuute  quantity  of  chloride  of  sodium  and  eztractiva 
matter,  but  no  structural  element. 

Crgttalliiie  Uiit.—The  third  leua  is  the  crystalline — one  of  the 
modt  remarkable  bodies  in  nature.  It  is  of  a  bi-convez  form, 
the  posterior  convexity  being  the  greater,  and  is  enclosed  by  a 
stnictureless  capsule,  lined  fay  a:  delicate  epithelium,  the  anterior 
wall  being  four  times  thicker  than  the  posterior.  The  substance 
is  compoeed  of  concentric  lamiiue,  like  those  of  an  onion,  united 
fay  serrated  or  notdied  surfaces,  and  increasing  in  density  from 
the  circuniference  to  the  centre.  The  external  layer  consists  of 
transparent  nucleated  cells,  which,  after  death,  soon  become 
loaded  with  water.  (Plate  XVL  fig.  7,  a.)  A  thin  section  of  tha  ' 
lens  causes  the  edges  of  the  lamina  to  Hppear  as  notehed  fibres, 
the  serrated  margins  varying  in  depth  in  different  animals. 
(Fig.  7,  b,  e,  d.)  The  edges  of  the  lamiute  or  planes,  as  waa 
described  by  Sir  David  Brewster,  terminate  in  a  stellate  or 
triangular  notch,  anteriorly  and  posteriorly,  the  former  having 
an  intermediate  position  to  the  latter. 

Tiu  vitreotu  humour. — The  fourth  lens,  or  vitreous  humour, 
is  of  gelatinous  consistence,  fills  up  the  large  proportion  of  the 
ball,  and  appears  to  be  a  watery  fluid  inclosed  within  fibrous    ' 
meshee  of  the  greatest  tenuity  and  fineness.    After  long  steep- 
ing in  chromic  add,  Hannover  shewed  that  in  a  vertical  section 
a  number  of  rays  proceed  from  the  centre  to  the  circumference, 
resembling  an  orange  laid  open.     In  the  fresh  eye  nothing  is    ' 
perceptible  fay  a  structureless  gelatinous,  or,  as  some  call  it,  ■] 
mucous  substance. 

These  homy,  watery,  glassy,  and  gelatinous  lenses,  united, 
fidfil  all  the  conditions  optically  required  to  produce  acbro- 
matism  so  perfectly  a«  to  set  the  optician's  art  at  defiance. 

Tlt€  choroid. — The  eyeball  is  lined  by  a  falack  opaque  mem- 
brane, the  choroid,  to  absorb  unnecessary  rays  of  light,  placed    I 
immediately  behind  the  vitreous  biimour.     Posteriorly  it  c 
sists  of  besagomd  pigment  cells  (Plate  III.  fig.  27,  c),  which 
become  fusiform  and  branched  anteriorly.     Immediately  he- 
hind  the  pigment  cells  is  a  rich  plexus  of  capillary  ressela  I 
presenting  a  peculiar  and  ehantcteristic  stellar  arrangement  ] 
(Tunica  Uui/tchtana).    In  connection  with  this  membrane  is  the 
tapetum,  in  certain  mammalia,  a  fine  fibrous  elructure  which 
strongly  refracts  light;  the  pecten  in  birds  and  the  choroid 
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le  must  be  important  in  renderiug 
,  where  it  is  deficient,  a  atmog 
light  ccinses  confusion  of  eight.  Draper  eiipposea  that  tbo 
choroid  nbaorbs  the  heat  or  calorific  mv  of  light,  EinJ  haa  ita 
t«niperature  raised  in  proportiou  to  the  inteusity  of  the  colour. 
It  ia  iu  this  loc^  diHturbance  of  tewptiniture,  he  thinks,  the 

Tkt  Iris  poaseaaea  two  aeta  of  non-roluntArj  contractile  fibres, 
composed  of  fusiform  cells,  with  stuff-shaped  nuclei.  The  cir- 
cular nre  internal,  and  immediataly  surround  the  [lerforation  ia 
its  centre,  or  the  pitpil.  The  radiatiug  fibres  are  ext«maL  Tbe 
octioD  of  the  former  cootracts,  and  of  the  latl«r  dilates,  the 
pupiL  The  contraction  of  the  annular  fibres  is  under  the  con- 
trol of  tlie  third  pair  of  nerves,  while  thnt  of  the  radiating  fibres 
ia  formed  by  the  cervical  portion  of  the  sympathetic  (Budge  and 
Waller).  The  movements  of  the  pupil  must  be  regarded  in  their 
nature  as  reflex,  the  incident  nerves  being  the  optic,  the  eici- 
dent  the  third  pair,  lutviug  tbe  opthabnic  ganglion  as  their 
centre.  Contraction  of  the  pupil  may  also  be  induced  by  aqnint- 
ing  inwards,  by  strong  accommodation  of  tbe  eyes  for  near  ob- 
jects, and  by  certain  poisons,  as  opiitm,  tobacco,  and  tbe  Calabar 
bean.  The  direct  action  of  light  produces  the  same  effect  as  was 
long  ago  shewn  by  Mr  Walker,  of  Mai,;heat«r,  in  persons 
aifected  by  double  catumct.  Browo  Sdquard  has  further  proved 
that  light  and  an  increase  of  60°  or  60°  temjierature  Fahrenheit 
causes  contraction  in  the  impU,  when  the  posterior  part  of  the 
eye  has  been  cut  off.  It  niay  be  also  seen  in  eyeballs  cut  ont 
from  a  living  animal,  proving  that  sucb  motion  is  not  only 
reflex,  but  may  result  from  the  direct  action  <if  light.  Dilata- 
tion of  tlie  pupil  is  caused  by  accommodation  of  the  eye  to 
distant  objects,  and  by  belladonna  and  its  alkaloid  atropine. 

The  action  of  the-  pupil  ia  most  important  iu  sccuriog  distinct 
vision,  aa  the  amount  of  light  •entering  the  eyeball  ia  thereby 
regulated,  superfluous  raya  eicludei],  and  divergent  ones  cut  off. 
Paralysis  of  the  iris  by  belladonna  causes  dimness  of  sight,  and 
optically,  us  is  well  known,  too  much  or  too  little  light  inter- 
feres with  the  production  of  a  cleax  image. 

In  regarding  the  entire  eye  aa  an  organ  of  vision,  there  are 

varioas  poiute  which  demand  conaidenition.   Among  these  are — 

1.  Tht  aecommodation  of  tht  t^e. — The  means  by  wtiick  the 
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apparatus  is  so  readily  accommodiited  to  various  diatancea.    On  1 
thia  nubjcct  numerous  theoiien  hiive  been  advnuced,  all  of  which   [ 
answer  tlie  purpose,  if  the  truth  of  certain  data  be  granted. 
haa  been  aupposed  tbnt  the  curvature  of  the  cornea  is  changed  J 
(Ramsden,  Home) ;  but  this  has  not  been  demonstrated. 
has  been  thought  that  the  lena  is  drawn  forward  by  a  contra©-  1 
tile  non-voluntarj  muscle,~-the  ciliary  muscle  (Crampton,  Bow-   i 
man), — or  is  pushed  forwards  from  behind  by  the  turgidity  of   1 
the  ciliary  processes  (Wallace,   Alison).     Soma  have  thought   I 
that  the  contractions  of  the  iris  have  much  to  do  with  the  focal 
adaptation  of  the  eye  (Knox,  Brewster)  i  and  othera,  that  it  is 
owing  to  the  pressure  on   tlie  eyeball  of  the  eitemal  muscles 
which  move  it  (Arlt).    The  ■question  is  now  completely  an- 
swered. Cramer"  pointed  out  that  when  the  light,  say  of  a  candle, 
is  placed  at  a  certain  angle  before  the  eye,  three  images  are  visible.    . 
The  first,  seen  upright,  reSected  from  the  cornea,  the  second  also 
upright,  reflected  from  the  anterior  surface,  and  the  third  in-    ' 
verted,  reflected  from  the  posterior  surface  of  the  lens.     On 
accommodating  the  eye  to  a  dii^tant  object,  a  considerable  space 
exists  between  the  first  and  second  image  (Plate  XXL  fig.  24), 
which  may  be  seen  to  be  diminished  when  the  eye  is  n< 
dated  to  near  objects,  by  the  advance  of  the  second  image  to- 
wards the  first.     (Plate  XXI.  fig.  25.)     It  was  clear,  therefore,    ' 
that  the  clunge  was  owing  to  an   increased  curvative  ii 
anterior  portion  of  the  lens.     Uebnholtz  also  pointed  oat  that  J 
the  third  image  aJao  underwent  a  very  slight  diminution  ii 
and  that  the  posterior  surface  of  the  leus  undergoes  a  little  in-  1 
crease  in  convexity.     The  latter  djtinguiahed  physiologist  haa 
constructed  an  instrument,  the  Offfhalmometer  (Plate  XXI.  fig. 
24),  which  enables  ua  to  measure,  with  mathematical  esactitude, 
the  magnitude  of  the  reflected  images,  their  amount  of  deflec- 
tion, and  the  extent  of  the  increased  convexity  of  the  lens-f 
The  cause  of  accommodation  is,  therefore,  fully  demonstrated, 
(See  Practical  Physiology.)     Tlie  increased  con\'exity  of  tho  I 
lens  cannot  be  caused  by  the  contractility  of  the  iris,  ai 
case  of  Graefe,!  where  that  membrane  was  wholly  removed  by  I 
operation,  the  power  of  accommodation  remained  ;  it  follows,   f 
therefore,  that  the  change  must  be  caused  by  the  pressure  o 
sioned  by  contraction  of  the  ciliary  muscle. 

•  Bot  AnainniDdntii',  VcnnaKsn,  Fhjiialaglii'h  Tu.i,i^lli:h.    Ihurlcin,  1SS3 

t  FJiJ-sLuluKliiche  <:>pUk.  ISSM. 

3  ArchiT,  I.  0|itlu]iaulcigie,  B.  lU. 
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5.  The  natural  power  of  adaptAtion  is  tuterferej  with  in 
^Ayopia,  or  Bbort-aigbt«<lDeas  ;  xa  prrtbi/opia,  or  loiig-aighted' 
oess  ;  and  in  ambtffopia,  ot  a  peculiar  dimneaa  of  vision.  Tbe 
fint  is  owing  to  too  great  curvature  of  the  lenses,  and  is  cor- 
rected by  concave  glasses  in  spectacles  ;  the  second  is  produced 
hy  too  little  curvature  of  the  lenses,  and  is  corrected  by  convex 
gisaaes  in  spectacles, — this  condition  bos  been  called  by  Donders 
HypermeCropia  ;  tlie  third  is  owing  to  altered  shape  or  oblique 
poeition  of  the  lens,  and  is  corrected  by  tbe  use  of  cyliudrical 
gla«s  leoeea 

3.  Colour^lili/idiuit, — Another  perversion  of  vision  consista  of 
what  is  called  colour-bliuduess,  or  Daltonism.  Some  pereona 
cannot  distinguish  cotoure  at  all,  everything  appearing  sbadowed 
or  light,  like  an  engraving.  Others  cannot  see  brown,  gray,  or 
neutral  tints  ;  whilst  a  third  claeis  confound  red,  blue,  and  yel- 
low with  green,  purple,  oninge,  and  brown.  Red,  blue,  and 
yellow  are  never  coafouuded  with  each  other ;  but  red  and 
gtvea  are  moHt  coiuraouly  so, — a  matter  of  great  importance  to 
railway  travellers,  an  at  night  the  red  light  is  the  signal  of  dan- 
ger. This  condition  may  be  de|>endeut  on  some  fault  in  the 
nerves  of  vision,  possibly  in  the  retina,  and  more  especially 
in  the  refractive  rods  ;  or  it  may  be  owiug  to  some  change  in 
the  refractive  media  or  leDsee.  Bitt  the  theory  is  not  yet 
detennined. 

4.  Potitioa  of  objtftt. — All  objects  refracted  on  the  retina 
are  inverted,  and  yet  we  see  them  in  their  natural  jHisitioD.  To 
explain  this  fact,  it  has  Ijccn  supposed  that  during  infancy  this 
MUM,  with  nil  the  others,  undergoes  a  alow  educatiou,  and  that 
ooe,  so  corrects  the  aberratioua  of  the  others,  that  gradually  we 
learn  to  recognise  things  as  we  do  (Miiller,  Volkmau}.  The 
Bame  explanation  applies  to  a  perception  of  the  shape,  size,  and 
distuDce  of  an  object.  Tlie  case  of  Cbeseldeo,  who  operated  on 
a  young  man  xucceflnfully  who  baJ  been  bom  blind,  in  conse- 
quence of  congenital  cataract,  contains  many  facts  in  favour  of 
this  view.  Ou  tbt-  other  band,  it  has  been  urged  that  there  is 
no  reason  why  tbe  mbd  should  uot  perceive  correctly,  aa  well 
from  an  invcrt«d  as  froin  an  erect  image. 

6.  Ont  object  teen  from  tuo  imitgfu. — Tbe  circumstance  of  our 
•eeiug  one  object,  although  we  receive  two  images  in  Uie  two 
eyes,  is  explained  by  tlie  regular  action  of  the  muscles  of  the 
ey«twU.     When  this  ia  deranged,  as  in  squinting,  or  from  the 
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use  of  narcotics,  we  see  double.  Hence  impreBaions  are  mada  J 
on  the  correapondrng  part  of  the  Tetiuie  in  such  a  way  that,  if  1 
both  eyes  were  united,  tlie  two  portions  of  the  membrane  would  I 
ench  receive  hidf  the  impression.  The  peculiar  decussation  of  the  I 
optic  nerves  seems  to  connect  exactly  these  two  portions  so  that  j 
one  sensation  ia  occnaioued  (Mayo).  Sometimes  only  h 
part  of  an  object  is  seen  ;  a  circumstance  attributed  to  paralyei*  "l 
of  a  portion  of  the  rutina,  or  to  some  disorder  of  the  brain  ci 
nected  with  the  terminations  in  that  organ  of  the  optic  nerv 
Mr  Bowman  considers  that  the  crossing  of  the  fibres  acts  as  I 
a  commissure  between  the  vesicular  lamiun  of  the  retiuK,  i 
the  some  manner  as  the  commisaurea  act  between  correspond-  I 
ing  portions  of  the  gray  matter  of  the  cerebral  hemiapher 
that,  although  oi^ns  are  double,  uuity  of  function  is  the  result.  I 
Here,  again,  it  has  been  urged  that  the  mental  iuterpreta-  I 
tion  of  the  sensory  impression  is  not  tKi  be  accounted  for  | 
by  any  structural  arraugementu  of  the  sensorial  apparatus. 

6.  Entranct  of  opiie  nenre  imentible. — The  retina,  at  the  point 
/  where  the  optic  nerve  entera  it,  is  insensible.     This  ia  shewn  by 

^ the  experiment  of  Marriotte.     Shut  the  Bigbt/4ye,  stretch  out 

/  the  arms,  and  place  the  thumbs  together.     Then,  on  moving  the 

right  thumb  outwards,  while  wo  continue  to  look  steadily  at 
the  left  thumb,  we  shall  observe  that  the  former  disappean 
when  it  comes  oppoait*  the  entrance  of  the  optic  nerve,  and  re- 
appears again  when  it  baa  passed  across  it.  The  foramen  of 
SOmmerring,  in  the  direct  axis  of  the  eye,  perfectly  transmits  the 
rays  of  light.  This  aperture,  however,  is  not  deficient  in  J&cob'a 
membrane — a  circumstance  which  points  out  the  great  import- 
ance of  that  structure  as  a  sensitive  medium. 

7.  ImprtttioTtt  remain  a  certain  titne.^Aa  impression  made 
on  the  retina  remains  a  certain  time.  This  is  proved  by  look- 
ing at  a  doling  light  or  bright  colour,  and  observing  that,  on 
turning  away  the  head  suddenly,  it  continues  for  a  longer  o 
shorter  period.  It  is  also  seen  by  whirling  a  stick  lighted  at 
the  end,  which  appears  as  a  ring,  the  impresaion  being  continu- 
ous from  the  time  the  light  has  left  one  point  till  it  returns  to 
it.  An  ingenious  toy,  called  the  "  wheel  of  life,"  illustrates  the 
same  fact. 

8.  Ocalar  spedra. — Some  persons  are  subject  to  ocular  spectra, 
which  are  of  various  kinds.  Fatigue  of  the  organ  causes  specks 
or  moving  filaments  to  appear,  and  a  blow  upon  it,  or  pressure 
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at  night,  induces  a  flash  of  light.  Remarkulile  objects,  inani- 
nitit«  or  living,  nmy  be  seeo  uuder  cirEumstAnces  pt-eventiug 
tlie  possibility  of  tlieir  esiatence,  wliicli,  ufilwitbstanding,  have 
all  tliu  aspect  of  reality.  They  alwuj-B  depend  on  a  state  of 
nervoUH  eihaUHtion,  from  ill  health,  mental  depreasioa,  or  the 
tiae  of  certain  drugs,  as  almhol,  opium,  or  other  narcotic  sub- 
■tances.  The  capability  of  determining  from  reasoning  whether 
such  npectra  are  real  or  unreal,  is  a  atrong  test  of  the  existing 
soundness  of  mind  of  the  individual.  Various  causes  may  induce 
a  deception  of  the  sense,  which  may  be  divided  into  sensualand 
mental.  If  the  former,  walking  towards  the  object,  or  attempt- 
ing to  touch  it,  will  correct  the  deception.  Another  teat  exists 
in  turning  cue's  back  to  the  object ;  if  a  reality,  it  is  of  course 
Inst;  if  it  exist  ill  the  mind's  eye,  it  is  still  seen.  Sir  D.Brewster 
pointed  out  that  mental  spectra  follow  the  rotation  of  the  eye- 
ball. It  would  be  well  to  employ  the  word  illvnon  to  ncukr 
spectra  de)>endeDt  on  disorder  tA  the  sense,  and  drl'uiim  as 
characteristic  of  [lerversion  of  the  judgment,  or  of  insanity. 

/litariiiff. 

It  is  necessary  for  hearing  that  certain  oscillations  in  the  air, 
water,  or  solid  bodies,  should  reiLch  the  expanded  filaments  of 
the  auditory  nerve,  and  that  the  influence  of  impressions  so 
produced  should  be  conveyed  to  the  brain.  This  is  accomplished 
through  the  medium  of  a  very  complicated  organ  or  acoustic 
apparatus,  the  ear,  for  a  description  of  which  we  must 
refer  to  works  on  anatomy.  The  most  sHH-iitial  part  of  the 
organ  is  the  vestibule,  that  exists  in  every  class  of  animals 
in  which  an  auditory  apparatus  is  to  bw  iletecteil.  Tliere  also 
the  principal  ezjHtnsiou  of  the  auditory  nerve  takes  place,  and 
there  it  is  brought  into  connection  with  the  vibrations  of  sound 
from  the  exterior.  In  man,  such  is  the  complication  of  pnrtA 
snpcmdded  to  the  vestibule  or  central  ear,— viz.,  tbe  cochlea 
and  semicircular  canals,— that  the  whole  is  denominated  the 
lahyrinth.  It  consists  of  chamliers  and  canals  hollowed  out  in 
the  solid  part  of  the  tempomi  bone,  containing  a  fluid,  tu  which 
various  branches  of  the  auditory  nerve  are  ramified,  and  so 
arranged  that  the  slightest  vibration  communicated  to  the  fluid 
must  affect  the  nerve. 

JIutoloffi/  of  the  organ  of  /ttaring. — Under  this  heail  we  shall 
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confine  ourseivea  to  wliat  ia  known  with  regard  to  the  distribn*  J 
tion  and  termination  of  the  auditory  nerve  in  the  laliyrinth. 

The  eatibide. — The  vestibular  branch  of  the  auditory  nerro  1 
Bends  separate  branchee  to  the  utriculus,  sanculus,  and  ampnl- 
tated   enlargements   of  the   meinljmnous   labyrinth.      This   i 
Hurronnded   by   lymph   eztemnlly   (perilymph),   and   contains  1 
lymph  iutemoliy  (endoli/mph) ,  and  may  thus  be  said  to  be  sua- 
peoded  in  fluid.    It  may  easily  be  understowl,  therefore,  how 
the  slightest  vibrationa  communicated  to  tlie  internal  ear,  in- 
fluence the  membrHnons  labyrinth,  and  immediately  affect  ths 
nerves.     Withiii  the  eacculns  and  utriculus  is  a  mass  of  earthy 
matter    (carbonate    of    lime),    sometimes    hard    like   a   stona    • 
{Otolith),   at  others,   soft  like  powder  (Otoconia),  with  which 
the    nerves  are    directly   connected.      Miiller   mentions    that 
sonorous  undulations  iu  water  are  not  felt  by  the  band  itself 
immersed  in  the  water,  but  are  perceived  distinctly  through 
the  medium  of  a  rod  or  hard  body  held  iu  the  hand.     It  has 
been  concluded,  therefore,  that  the  functiou  of  theue  mineral 
masses  is  to  re-inforce  the  sonoroua  Tibratioua,  and  communicate    I 
to  the  nerves  vibratory  impalaes  of  greater  intensity  than  tha 
perilymph  alone  could  impart. 

The  cochlea.  —  The  cochlear  branch  of  the  auditory  nei 
terminates,  like  the  optic  nei-ve,  in  a  remarkable  gangHo. 
stoicture,  which  is  spread  over  the  internal  portion  of  tha 
membrauoua  zone  of  the  lamina  iptralii.  On  looking  down 
upon  the  vestibular  surface,  we  see  the  view  represented  (Plat« 
XVI.  fig.  12)  by  Bcker,  Superiorly,  ia  a  thick  layer  of  epi- 
thelial cells  (Pig.  12,  I),  the  membrane  of  Corti,  below  which 
iathe  ligamtnlvm  mrmhranie  tectona  {teclorivm,  a  cover).  (Fig. 
12,  2.)  Underneath  this  is  a  membrane,  the  haboiiUa  tuieata 
{habentda,  a  small  strip  of  flesh)  (Fig.  12,  3),  with  a  denticu- 
late zone  to  the  right  (b),  aud  external  to  this,  another  maas 
of  nucleated  cells  (rf),  wUcli  fill  up  the  space  between  th» 
membrane  of  Corti  above,  and  the  membrana  hasHarit  (m), 
below.  Between  these  membranes  lie  the  organs  of  Corti  {I, 
g,  k,  i),  consisting  of  remarkable  structures,  resembling  in  ap- 
pearance internally  flat  staves  (<).  placed  side  by  side  like  the 
keys  of  a  piano  {iniitr  rod*  of  Corti).  Immediately  outaide 
these  are  a  row  of  groves  or  depressions  (/),  through  which 
minute  eiiutinuations  of  the  nerves  pass  to  be  connected  n 
these  organs  (Ilai/tnulu  perfvrala  ot  Kolliker).    External  to 


I 


I 

I 


HEARTNG. 


347 


these  are  a  row  of  flat  tranaparBnt  staves  {middle  rodt  of  Cortt), 
and  external  to  these  again  are  another  row  [puUr  rod*  of  Corti) 
(tj,  ■).  A  vertical  aection  shews  that  the  inner  rods  point  ap- 
warda  and  outwards,  so  as  to  meet  and  slightly  overlap  the 
out«r  rods,  which  poiut  in  the  opposite  direction,  like  the 
beams  of  a  roof.  On  tlie  surface  of  these  last,  project  three  or 
more  ganglionic  nucleated  cells,  connected  with  them  and  one 
another  by  delicate  jointed  processes  (i).  Outside  this  compli- 
cated uervB  apparatne,  is  the  cona  ptclinata  of  the  lamina 
■ptralu,  which  terminateH  in  the  spiral  ligament  {ligamentvm 
ipirate),  a  structure  described  by  Bowman,  to  pass  eitemally 
into  a  mass  of  non-volunttuy  muscular  fibres,  called  by  bim 
the  cochlear  miude.  The  exact  function  of  these  parts  as  yet 
only  admits  of  speculation,  although  it  is  impossible  to  doubt 
that  the  rods  aud  terminal  cells  described  by  Corti,  admit  of 
movement  on  ooe  another,  and  that  any  sonorous  undulation 
communicated  to  them  must  cause  them  to  vibrat«,  and  bo 
influence  the  nerves  in  conoection  with  tbeiu.  Further,  their 
analogy  to  the  baciUary  membrane  of  the  retina,  leads  to  the 
supposition,  that  like  the  latter,  they  are  the  most  essential 
parts  of  the  ganglionic  apparatus. 

TAe  labyrinth. — In  man,  sonorous  vibrations  reacb  the  laby- 
rinth in  two  ways  : — Ist,  Through  the  external  ear  ;  and  Sd, 
Through  the  bones  of  the  head.  The  ticking  of  a  wat«b  ii 
heard  as  distinctly  when  placed  between  the  teeth  as  when 
applied  to  the  ear,  and  the  nol«  of  a  tuning-fork,  when  it  can 
be  uo  longer  heard  by  the  ear,  again  gives  rise  U>  sound  when 
placed  in  contact  with  the  teetb.  It  is  by  the  direct  vibration 
of  the  bones  of  the  head  also  that  we  become  cognisant  of  the 
sound  of  our  own  voiofs.  It  has  been  suggested  that  the  coch- 
lea is  that  part  of  the  labyrinth  more  immediately  connected 
with  those  direct  vibrations  ;  whilst  the  vestibule  and  semi- 
circular canals  is  that  portion  of  it  which  enables  the  nerve  to 
receive  vibrations  from  without,  indirectly,  through  the  air. 
(Weber.)  The  constant  position  of  the  semicircular  canals  leil 
Autenreith  and  Kemer  to  suppose  that  tbey  are  the  parts  con- 
cerned in  conveying  a  knowledge  of  the  direction  of  sounds. 
Their  elaborate  obeervatious  on  animals,  however,  admit  of  such 
latitude  of  interpretation,  according  to  the  ingenuity  of  the 
experimenter  and  the  theory  be  desires  to  mipport,  tliat  little 
reliance  can  be  placed  upon  tbem.    Wheatstone,  however,  su^ 
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ports  the  aaroe  idea,  on  the  ground  that  the  semicircular  canab  1 
being  jilaoed  in  planes  at  right  angles  witli  each  other,  ant  ] 
afTected  by  Uie  sound  tranaiuitted  through  the  boueti  of  the  I 
bead  with  different  degrees  of  intensity,  according  t 
direction  in  which  the  sound  is  transmitted.  Nothing  certain  J 
is  ascertained  on  this  poinL 

ImpresaiooB  made  on  the  auditory  nerves  in  the  labyrinth, 
remain  a  certaiu  time,  like  those  made  ou  the  retina.     Thiaw 
Bhewn  by  Savart,  by  holding  a  card  against  the  edge  of  a 
rapidly  rotatiug  toothed  wheeL    He  fouad  that  tbt*  removal 
of  one  t«.Kilti  did  not  produce  any  interruption  in  the  sound.  J 
The  production  of  rousical  notes — that  is  eoutiiuious  sounds! 
caused  by  repealed  vibrditioua — demoastratea  the  same  fact.  J 
(See  p.  130.) 

Exitmal  tar. — The  auride  serves  to  collect  the  waves  of  suue 
and  convey  them  through  tlie  short  cliaunel,  or  mtalvt,  \a  tl 
membrane  or  drum  of  the  ear  {memhrana  ti/mpani),  which  cloa 
it  internally.    Ita  function  is  well  observed  in  man,  who  place* 
liis  hand  behind  the  ear  when  he  desires  to  intensify  hearing, 
by  collecting  the  vibrations  of  sound.     Trevironus  thought  that 
the  elevations  and  depressions  on  the  surface  enabled  him  la 
judge  of  the  direction  of  sounds,  but  it  is  now  generally  believed 
that  the  vibrations  impinged  upon  the  external  ear,  n 
strained  by  them  to  follow  a  certain  course.     In  the  lower 
animals,  in  whom  it  is  largely  developed,  as  in  solipeda,  rumi- 
minta,  and  cheiroptera,  the  loss  of  the  auricle  often  causes  partial    I 
deafness,  but  in  man  it  does  not  seem  to  be  so  necei 
knew  an  officer  who  had  the  auricle  removed  at  the  battle  of   | 
Waterloo  by  a  sabre   cut,  but  who  heard  ever  afUr  t 
mutilated  side  perfectly  welL     In   the  meatus  a   number  of 
cerumiuouB  gliuide  pour  out  &  waxy  secretion  of  a  bitter  taste, 
which,  with  the  hairs  that  grow  from  it,  servo  as  a  wry  sufficient   | 
protection  fruoi  foreign  bodien,  and  especially  insecta. 

Middle  far. — The  laaiihrana  tyiiipaiii,  or  drum  of  the  ear,  ia  j 
connected  with  one  end  of  a  chain  of  small  boues  (coIImI  the  J 
malleut,  incia,  and  ilapes)  which  pass  across  the  middle  ear,  at  ] 
cavity  of  the  tympanum  ;  the  other  being  attached  to  a  mem- 
brane which  closes  the  oval  opening  into  the  cavity  of  tlie  vesti- 
bule {fentstra  oiialit).    Another  opening  on  the  same  wall,  of  a 
round  shape,  and  communion  ting  with  the  leala  tympani  of  tbe  I 
cochlea,  is  termed  the/rnMfcu  rotunda.    These  moveable  boue«  \ 
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render  the  membranes  tenHe  or  lax,  according  to  the  intensity 
of  the  aonoTDDS  vibrations  impinged  upon  them.  This  ia 
nccumplished  through  the  itgency  of  minute  muscleii,  esp«Kiiill]r 
the  temor  ttfrnpaai  and  itaptdim  muscles,  which  contract  accor- 
ding to  the  iuflueoces  transmitled  by  n  aeries  of  excito-tnotory 
nerves,  having  for  their  centre  the  otic  ganfflioit.  Hence  this 
part  of  the  nppAratus  is  ailmiraLly  adapted  to  carry  the  nicest 
vibrations  in  such  a  manner  aa  will  enable  them  best  to  conduce 
to  the  prodnetion  of  ioipresRione  on  the  auditory  nerve.  The 
cavity  of  tlia  tympanum  or  middle  enr  ia  filled  with  air,  which 
passes  from  the  phurynx  througit  the  Eustachian  tube.  This 
not  only  permits  the  free  vibration  of  the  chain  of  ossicles, 
and  eqiuiligea  the  pressure  on  both  sides  of  the  membntue,  but 
further  serves  to  keep  the  Kir  of  a  uniforni  temperature  ;  a 
cirL-umstancc  of  the  greatest  importance  to  the  continuance  of 
good  hearing. 

Tb«re  is  much  similarity  between  the  hiwa  which  govern  the 
reception  and  vcQcxioD  of  sonorous  vibrMtiooB  and  of  rayu  of 
light ;  and,  looking  at  the  means  necessary  to  effect  tJiis,  there 
is  a  close  analogy  between  the  «Nr  and  the  eye  as  organs  of 
hearing  and  vision.  The  intensity  of  light  and  of  aound  are 
both  regulated  by  muscular  parts  independent  of  the  will, 
operating  through  a  ganglion  ancl  excito^motory  nerves ;  the 
ciliary  resembles  the  cochlear  miisele,  and  the  reflecting-roda  of 
Jacob's  membrane  liave  their  analogue  in  the  vibratory  rods 
of  Corti  attached  to  the  acoustic  nerve,  where  it  is  expanded 
on  the  lamina  tpiralU  of  the  cochlea.  So,  also,  a  knowledge 
of  the  function  of  hearing  is  ctBeutially  «mnect«d  with  an 
acquaintance  with  certain  physical  laws  which  have  been 
previously  described.     (See  p.  129.) 

M  0/  K«iffht,  or  a  utuwiiar  tftt. 
a  has  tnkcn  pUcc  as  to  whether  a  nith  sense 
le  of  weight,  or  a  muacnlar  sense.  Two  manes 
rently  simihir  nuiy  be  undetectable  by  sight  or 
tmcli,  tMta  (w  smell,  but  when  balanced  in  the  hands,  are  at 
mice  recognised  by  their  difference  in  weight  Tli«  balance  of 
the  body  itself  under  varied  conditions,  as  in  walking,  riding, 
hopping,  dancing,  &c.,  iudicate'S  a  peculiar  sensibility  in  the 
muBctea,  and  a  corresponding  sensation.  "  When."  says  Sir  C. 
Bell,  "a  blind  man,  or  a  man  blindfolded,  staudja  upright. 
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neither  leaning  opon  or  toacbing  angbt,  bjr  what  means  doea 
be  maintAin  his  erect  poeition  F  Hie  ^mmetty  of  Iiis  bodjr  » 
not  tbe  canae.  A  stntae  of  the  finest  proportion  moat  be 
soldered  to  its  pedestal,  or  the  wind  will  cast  it  down.  How  is 
it,  then,  that  a  man  sostains  the  perpendicular  poBtore,  or 
inclines  in  the  dne  degree  townrda  tjie  wind  that  blows  upon 
him  ?  It  ia  obvioas  that  he  lias  a  senBe  bj  which  he  knows  the 
inclination  of  his  body  ;  and  that  he  has  a  read;  aptitude  to 
adjuBt  the  )>arts  of  it  so  as  to  correct  any  devLition  from  the 
perpendicular.  What  sense  ia  this  \  He  touches  nothing,  sees 
nothing  ;  it  can  only  be  by  the  adjustment  of  the  musdea  that 
the  liniba  are  stitTened,  the  body  firmly  balanced,  and  kepi 
erect.  lu  truth,  we  stand  by  so  fine  an  exercise  of  this  power, 
and  the  muscles,  from  habit,  are  directed  with  bo  mnch  preciffion, 
and  with  nn  effort  so  slight,  that  we  do  not  know  how  we  stand. 
But  if  we  attempt  to  walk  on  a  narrow  ledge,  or  rest  in  a  mtna- 
tion  where  we  ore  Id  danger  of  falling,  or  balance  on  one  foot,  we 
become  subject  to  apprehension,  and  the  actions  of  the  muscle* 
are  then,  as  it  were,  magnified,  and  demonstrative  of  the  degree 
in  which  they  are  eicited."* 

In  tliis  particular  sense,  an  infant  gradually  educates  itself, 
as  it  does  in  all  the  other  Benses.  By  constant  practice  there  !• 
ac<(nired  from  its  exercise,  a  peculiar  skill  and  aptitude.  It 
admits  of  infinite  variety,  as  in  active  and  passive  motions,  or  in 
adaptation  to  various  purposes  with  great  nicety,  as  in  estimating 
weight,  bataDciog,  throwing  weapons,  playing  on  various  mnsi- 
cal  instroments,  skilful  workmanship,  sense  of  lesiatance,  Ac, 
&c.  Like  the  other  senses,  it  adds  largely  to  our  feeling  of 
pleasure  and  intellectual  enjoyment,  as  may  be  observed  in 
tossing  infants,  in  the  constant  tendency  to  miming  and  active 
games  in  the  young,  in  the  field  sports  and  gymnastic  displays 
of  adults,  and  in  passive  locomotion  of  varioua  kinds  by  carriage, 
boat,  hammock,  *c  Its  injury  or  loss  produces  that  peculiar 
abttence  of  combining  motions  for  a  purpose,  while  the  move- 
ments of  individual  muscles  remain,  as  in  the  disease  now 
called  Loco-molor  ataxia.  Ijustly,  it  has  for  its  special  apparatm 
the  muscles,  into  the  faaiculi  of  which,  according  to  Kiihne, 
nerves  entei,  aud  ore  couaecteil  with,  oval  naclei,  which  he  sup- 
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poses  to  be  of  a  gaugliooic  nature.  (Fkte  XVI.  Gg.  1 1.)  On 
the  whole,  this  sense  maj,  I  thuik,  now  be  (.-onsidered  aa  fully 
established. 

VoICK  A«D  SrEBCB. 
Voice  \i  a  function  of  tbe  larynx,  while  apeecli  is  performed 
liy  the  tongue,  lipe,  and  cheeks,  in  conjunction  with  the  krjui. 
A  description  of  this  or^ica  is  purely  ftUAtomical.  All  that 
need  be  snid  is,  thnt  it  is  composed  of  a  tube  mnde  up  of  carti- 
lages, which  ore  connected  together  by  ligameots,  and  moved 
upon  one  iinother  by  muBclea.  In  the  interior  of  the  tube  is  a 
narrow  chink  in  the  Bhn|>e  of  tbe  letter  Y,  having  the  point 
forwards,  formed  by  two  folds  of  membrane  called  the  eocid 
eordi,  which,  thrown  into  vibnttion  by  tlie  air  rushing  from  the 
lungs,  give  rise  to  sound.  It  thus  rambles  in  construction 
the  mouthpietie  of  a.  clarionet  or  hautboy.  Different  degrees  of 
tensity  are  given  to  these  cords  ;  and  the  chink,  or  rima,  of  the 
glottis  is  widened  or  narrowed  by  the  various  muscles  of  the 
larynx,  and  by  the  position  of  the  cartilages.  Thus  the  thyroid 
cartilage  is  depressed,  and  the  cords  rendered  tense  by  contrac- 
tion of  the  crico-thyroid  muscles ;  or  by  tbe  retraction  of  the 
arytenoid  cartilageB,  which  ai^  moved  backwards  by  the  pot- 
Urior-trieo-aTyicnoid  musclea.  The  cords  are  approximated  by 
the  arytenoid,  and  by  the  lateral  enco-arytenoid,  white  they  are 
separated  and  the  aperture  of  the  glottis  enlarged  by  the 
potierioT-crieo-aTiitaioid  muscles.  The  tension  of  the  cords  must 
be  regulated  to  a  great  extent  hy  the  tkifro-aryttnoid  muscles 
which  are  parallel  with  them  throughout  their  entire  length. 

rote*; — Nearly  all  air-breathing  animals  possess  a  voice  ;  in 
man  and  a  few  birds  only  can  it  "be  so  modified  as  to  be  capable 
of  prodndng  articulation.  The  vocal  cords  are  caused  to  vibrate 
by  the  currents  of  air  coming  from  below,  and  at  once  lose  this 
power  by  destruction  of  the  inferior  laryngeal  nerves,  which,  by 
paralysing  the  muaclea  that  regulate  their  necessary  tensity, 
prevents  their  vibration  and  the  production  of  sound.  These 
vocal  cords,  therefore,  are  the  essential  parts  of  the  organ  of 
voice.  {See  Practical  Physiology.)  Their  tensity  is  varied 
eometimee  by  muscular  action,  and  sometimes  by  the  column 
of  air.  Thus,  to  produce  low  notes  they  are  relaxed,  and  even 
wrinkled  when  at  rest,  but  obtain  the  necessary  degree  of 
stretching  by  the  pressure  of  the  column  of  air.    High  notes, 
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on  the  otber  hand,  are  caiised  by  producing  great  teositj  at  I 
the  cords,  and  narrowing  of  the  glottis  ;  and  intermediate  notes,  I 
by  intermediate  degrees  of  tensity,  and  narrowing.  The  qualitj  I 
aa  well  aa  the  compass  of  the  poice  variea  iu  diSereat  persons  I 
In  the  mule  the  deepest  is  the  buss,  the  highest  the  tenor,  f 
and  the  intermediate  the  baritone.  The  corresponding  touM  J 
in  the  femide  are  the  contralto,  the  soprano,  and  the  i 
soprano.  (See  p.  133,  PIat«  VIII.  fig.  19.)  Many  baas  voic»'B 
possess  high  notes,  but  the  same  high  note  sounded  by  &  hi 
and  a  tenor,  or  by  a  contralto  and  a  soprano  voice,  diffes 
quality  or  tone,  iu  the  same  maimer  that  a  note  sounded  bj'l 
claironet  and  a  flute  does.  It  is  the  quality,  therefore,  and  n 
its  scale,  which  constitutes  the  distinction  between  Toicea,  tht'l 
cause  of  which  is  unknown. 

Id  men,  owing  to  the  prominence  of  the  thyroid  cartilag^V 
the  vocaI  cords  iire  longer  tlian  iu  the  female,  as  3  to  S  ;  an  ~ 
his  voice  in  consequence  la  deeper,  and  iu  the  musicjU  scHle  n 
octave  lower.     Boys  hare  treble  voices,  like  women  ;  but  U.l 
nianliood  approaches,  the  thyroid  cartilage  undergoes  a  changs 
in  ita  form,  and  while  doing  so  the  voice  is  cracked  or  broken.  J 
Afterwards  it  becomes  manly  and  deep  ;  so  that  the  higbesfe  I 
soprano  of  a  boy  may  be  converted  into  the  deepest  bass  of  thft  J 
man.     Male  voices  also  possess  two  series  of  notes,^cheBt  oe   [ 
true  notes,  and  false  or  faitttto  notes.     How  the  latter  are 
produced  is  unknown.     The  sti-engtb  of  the  voice  does  not  ■ 
much  depend  upon  the  current  of  air  as  upon  the  strength  and 
accuracy  of  the  muscular  movements  regulating  the  vocal  cords. 
Hence  wlty  practice,  which   gives  accuracy  and  tone  to  the 
muscles,  is  of  such  importance  in  the  schools  of  singing.     Con- 
sideriug  that  the  mtiscles  which  move  the  cords  are  only  about 
three-fourths  of  an  inch  in  length,  and  how  they  mast  adapt 
themselves  in   producing   notes,  semitones,   and   intervak,   itd 
,  has  been  calculated  that  their  movements  can  be  varied  i 
the  greatest  precision^the  l-120i>th  to  the  l-2000th  of  an  ii 

The  intonation  of  the  human  voice  produces  an  effect  on  t 
mind  wholly  different  from  that  which  the  mere  meanmy  o 
words  excite.     The  s|>eech  of  an  accomplished  orator  r 
audience  to  a  degree  of  cuthiisinsm  which  those  who  read  it  ii 
the  papers  next  morning  cannot  understand.     Hence  ^ 
orators,  as  great  actors,  raiist  be  seen  and  heard  to  be  appr 
»ted.     Children  and  animals  are  affected  by  our  voices,  thoagj 
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incapable  of  understaDding  our  words.  Tbe  wiaie  phmse  may 
be  made  to  present  different  mefuiiiigs  by  simply  varjiog  tha 
tone  iu  which  it  is  uttered.  This  is  why  tUoee  who  repeat 
strictiy  oar  worda  msiy  calumniously  falsify  uur  senlitut-iitR. 
That  which  was  spoken  originally  may  have  been  iauocent 
enough,  but  the  manner  iu  which  it  is  n-peitted  may  render  it 
significant  and  offensive.  It  is  this  circumstance  which  creates 
half  the  calumnies  circulated  among  society. 

Speech. — The  voice,  so  modified  by  the  aitditional  nctiou  of 
the  tongue,  cheeks,  and  lips,  as  to  signify  ubjecta,  actions,  and 
the  properties  of  things,  constitutes  language.  Lauguages  vary 
grently  as  to  the  sounds  which  enter  into  them,  and  hence  the 
difficulty  jiersona  who  have  been  educated  in  one,  experience  iu 
learning  others.  Words,  however,  may  be  produced  by  the 
mouth  and  fauc^e8  alone,  without  the  voice.  This  is  whispering. 
Hence  there  may  be  speech  without  voice,  as  there  i»  voice 
without  speech.  Vocal  language,  however,  can  only  be  ac- 
ooraplished  by  the  combined  use  of  the  luryugenl  and  oral 
appamtusea.  Articulate  sounds  are  divided  into  voweU  and 
consonants.  Vowels  are  formed  in  the  larynx,  whilst  conson- 
ants are  pro<Iuced  in  the  nir-paraages  above  it.  Many  of  these 
last,  however,  cannot  be  uttered  unless  the  etenienle  of  u  vowel 
are  pronounced  with  them  coneounntly  ;  hence  their  name. 
Thus  g  and  i  are  formed  of  the  vowels  e  anrl  a,  modified  by  the 
oral  a]>ertnre.  It  is  by  different  degrees  in  the  opening  and 
contraction  of  th>>  month  and  oral  canal  that  most  continuous 
sonnds  are  formed  ;  others  are  sudden  and  momentary,  cannot 
be  sustained,  and  are  called  explosive  sounds,  sucli  as  b,  p,  d, 
and  g.  Hence  they  are  difficult  to  pronuuce  well  iu  singing  ; 
and  this  is  why  the  Italian  language,  in  which  they  arc  seldom 
heard,  is  so  much  better  adapted  to  songs  than  English  or 
tiermaa. 

The  office  performed  by  the  mouth  in  the  pronunciation  of 
vowels  htM  been  well  luiiilysed  by  Kratzenstein  and  Keniplin, 
who  have  pointed  out  what  the  conditions  neceaaary  for  chang- 
ing the  soma  sound  into  different  vowels  or  differences  in  the 
Hze  really  ore.  For  the  utterance  of  certain  vowels,  both  thu 
opening  of  the  mouth  and  of  the  space  between  the  tongue  and 
pidalo  (oral  ca%-ity)  must  be  large ;  for  the  pronunciation  of 
others  both  must  be  contracted  ;  and  for  a  Ihinl,  one  must  be 
wide  and  the  other  contracted.    They  give  five  degrees  of  aiee. 
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the  diroenBions  of  which  vary  by  cloaure  of  the  oral  opeuiog  1 
and  the  apace  between  the  tongue  and  palate  as  foUowB : — 


When  the  laryngeal  and  oral  parts  of  the  organ  of  speech 
cannot  be  combined,  some  letters,  especially  the  eiplosive  onea; 
as  I  and^,  are  not  consonant  ■with  the  vowel ;  and  ttammering 
is  the  result.  It  is  to  be  corrected  by  a  careful  study  of  tli9 
mode  of  pronouncing  the  varioiis  consonants,  with 
practice — avoiding  hurry  and  nervous  agitation,  which  rendee 
all  muscular  action  uncertain,  VentrSoquirm  is  speaking  with- 
out giving  external  evidence  of  utterance,  and  keeping  the  oral' 
aperture  immoveable  while  the  attention  of  the  audience  is 
directed  as  much  as  possible  to  the  thing  or  place  from  which 
the  voice  is  supposed  to  come. 

The  Laymgotoope. — The  appearance  and  actions  of  the  larynx 
during  plionation  and  respiration,  can  now  be  rendered  visible 
by  means  of  the  laryngoscope,  for  a  description  of  which,  it* 
mode  of  application  and  results,  see  Practical  Physiology, 

Sleep—  Dreamt — Som  namb  \dum — Mono-ideim. 
Sleep  is  that  temporary  suspension  of  the  cerebral  functioiiB 
which  in  animals  alternates  with  their  exercise  for  a  certain 
time,  which  suspension,  however,  is  capable  of  interrupti< 
the  application  of  stimuli  to  the  sensory  nerves.  Unless  this 
last  condition  could  be  carried  out,  the  individual  would  laboar 
under  coma,  syncope,  or  asphyxia, — states  more  or  less  allied  to 
sleep.  All  action  in  the  living  economy  produces  waste  of  tis- 
sue ;  and  hence  the  necessity  of  rest  in  order  that  substonca 
may  be  added.  The  cerebral  functions,  especially,  are  governed 
by  this  law,  and  we  are  obliged  to  submit  to  their  suspension 
for  a  certain  period,  which  is  natural  sleep.  On  awakening,  we 
feel  refreshed  ;  greater  strength  is  imparled  to  the  musclee, 
higher  sensibility  to  the  nerves,  and  greater  power  to  the  mind. 
Sleep  is  more  or  less  profound  according  as  the  body  is  mora 
or  less  fatigned,  and  according  to  the  constitution  of  the  indivi- 
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n  aorae  persons  it  ia  naturally  light,  whilst  in  others 
a  Boporoae  character.  Habit  mid  temperameut  also 
eiert  a  strong  iu^uence  over  sleep,  some  persons  falling  into  or 
arousing  from  it  at  particular  hours,  independent  of  (ill  other 
circnmBtanceB.  Its  invasion  may  be  Buddeu  or  gradual.  As  a 
general  nde,  the  eenees  and  reasoning  faculties  sleep  first,  whilst 
imagination  and  the  lighter  ones  remain  longer  awake.  We 
may  also  awake  suddenly ;  but  there  is  usually  an  iutertnediate 
condition  between  sleep  and  waking.  It  is  in  these  intermediate 
conditions  that  the  sleep  is  lightest,  and  that  persons  can  be 
SToased  with  the  greatest  facility.  The  amount  of  sleep  re- 
quired by  man  varies  according  to  age,  temperament,  habit,  and 
previous  fatigtie.  In  infancy  ajid  extreme  old  age,  life  ia  almost 
a  continuous  sleep.  In  adults  there  is  no  rule,  some  persons 
requiring  more  and  some  less.  The  average  period  spent  by 
mankind  in  sleep  is  eight  hours  in  the  tweuty-four,  being  one- 
third  of  human  life. 

jVtmbu. — Not  unfrequently  while  some  mental  faculties  are 
suspended  others  ore  still  active,  and  are  busy  with  numerous 
ideas,  which  succeed  each  other  with  more  or  leas  regularity. 
This  is  dreaming.  There  ia  an  absence  of  consciousneM  regard- 
ing external  things,  and  a  want  of  control  in  regulating  the 
current  of  thought ;  so  that  the  principle  of  suggestion — that  is, 
one  thought  calling  up  another  in  a  certain  sequence — has  un- 
limited governance  of  the  mind.  In  some  rare  cases  the  dream- 
ing thoughts  are  very  consistent  and  vivid,  but  generally 
■peaking  they  are  more  or  less  eonfuaed  or  incongruous.  Not 
unfrequently,  when  seemingly  in  danger,  we  are  governed  by 
an  intense  desire  to  escajie  from  it,  while  we  possess  an  Agonis- 
ing consciousness  that  we  have  not  the  slightest  power  to  do  so. 
This  is  inevbut,  or  nightmare.  Another  curious  drcumstance 
is  the  rapidity  with  which,  when  dreaming,  trains  of  thought 
pass  through  the  mind,  the  events  of  years  being  apparently 
oompriesBed  into  momenta.  Tlie  most  mentally  agitating  dreams 
need  not  occasion  the  slightest  change  of  position  or  muscular 
movement,  although  sometimes  they  produce  r«atlesneai,  various 
gestures,  or  emotional  indications.  But  when  the  ideas  of  a 
dream  govern  the  motions  and  conversation  of  an  individual, 
while  the  memory  and  other  faculties  of  the  mind  ore  still  so 
awakening  h 
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Theorg  of  lUtp  and  drmnu. — Many  opinioua  have  been 
vauceil  aa  to  the  condition  of  the  brain  Uui'ing  sleep  and 
dreaming,  moat  of  wliioh  aaaumti  a  state  of  congestion  to  be 
cauae.  If  thia  be  general  and  equal,  sleep  resulta  ;  if  pnrtiid, 
that  is,  more  intense  in  places  where  particular  faculties  of 
mind  umy  be  supposed  to  exiat, — the  result  is  dreaming.  In 
vast  majority  of  caaes,  all  iUusioiiB  and  delusions,  like  sleep, 
are  tUe  result  of  esbiiustioii,  long  watciiiiig,  ill  health,  grief, 
inteuse  excitement,  aud  of  narcotic  drugs  which  depress  nervouB 
force.  The  old  are  much  more  subject  to  them  than  the  yonng. 
la  all  these  cases  the  pulse  becomes  cjiilck  iiud  feeble,  nnd 
cousideriiig  what  has  previously  been  said  an  to  the  peculiavj 
circulation  within  the  cranium  (p.  220),  it  will  be  readily  undt 
stood  how  this  is  deranged-  Some  huve  supposed  that 
choroid  plexuses  eularge  and  become  erectile,  so  causing  preMnre. 
Others,  that  tlie  voso-motor  system  of  nerves  influeuce  th«< 
cerebral  vessels ;  and  that  as  the  grey  substance  ia  moat  vascular,] 
BO  that  portion  of  it  we  have  seen  to  be  most  intimately 
nected  with  mind  (p.  284),  is  the  oae  moat  readily  affected. 

Somnambidum.— The  peculiarity  of  thia  state  consiata  it 
mind  being  wholly  occupied  with  one  idea  or  train  of  tbougl 
to  the  exclusion  of  all  other  considerations.  Thus  there  nu^ 
be  complete  iuaeusibility  to  bodily  pain,  to  loud  Bounds,  floshoB 
of  light,  or  other  ordinary  stinuti.  aJtbough  whatever  is  epokon 
or  done  in  harmony  witli  t}ie  subject  thought  of,  is  heard  nad 
appreciated,  often  with  unusual  acutenesa.  We  can  frequently 
change  the  current  of  the  ideas  by  andibly  suggesting  others, 
when  all  the  feeling  and  emotions  in  connection  with  the  nev 
subject  are  called  into  actiou,  to  the  exclusion  of  those  whidi 
previously  existed.  Thus,  if  the  attention  be  strongly  fixed  m 
a  distant  object,  impressions  made  on  the  akin  will  not  iuduoa 
sensation  ;  but  if  the  attention  be  directed  to  the  skin,  its  senm- 
bitity  often  becomes  wonderfully  excited,  and  pain  is  experienced 
from  the  contact  of  bodies  that,  under  ordinary  drcumstances, 
would  scarcely  be  felt.  The  same  rule  applies  to  all  the  otlier 
senses.  In  the  same  majiuer  the  reasoning  power  is  often 
-incre-nsed  on  a  particular  jioint,  and  a  variety  of  things  per- 
formed, or  movement«  gone  through,  that  the  individual  otlier* 
wise  could  never  have  accomplished.  Some  men  perform  t3l. 
the  acta  which  at  the  time  are  suggested  to  them,  or  de 
the  various  scenes  which  in  imagination  are  placed  before 
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In  this  way  a  somnambuliKt  mtij  b«  mnde  not  oul;  to  think  aj 
converse  on  any  subject,  but  to  go  through  kdj  kiuit  of  action, 
however  ridiculous  or  even  fatigaing.  He  will  place  himself 
under  every  variety  of  condition  presented  tohlBnuud,  and  per- 
form the  appropriate  motiims,  a»  well  as  giv»  utterance  to  the 
ideoa,  which  such  conditioos  would  uaturally  give  rise  to.  Thus, 
he  may  be  made  to  hunt,  swim,  light,  appear  intoxicated,  visit 
distant  cities  or  lands,  &c.  None  of  these  acts  and  ideas  are 
remembered  in  the  ordinary  wiikiug  condition,  although  when 
again  thrown  into  a  aioiUar  state,  they  may  be  taken  up  and 
coutiuueil.  Su<Ji  n  penou  may  be  said  to  have  two  kinds  of 
memory, — one  when  awake,  and  one  when  dreaming ;  or,  us  it 
has  beeu  called  by  some,  a  douUf  <vrw^outnra.  Souinam  bill  ism 
may  come  on  involuntarily,  at  regular  or  irregular  jieriodM,  or  it 
may  be  elicited  artiliuiatiy.  lu  either  case  it  may  be  accom- 
panied by  various  nervous  ^heuomeua,  denomiuatcd  eatatepgy, 
trance,  tulaey,  and  so  on. 

Jtona-ideitm. — Dreamiug  and  the  phenomena  of  aomnani- 
buliam  may  be  excited  in  some  persons  artiticially,  when  the 
acts  of  the  mind,  sensation,  and  motion  may  be  completely 
governed  by  means  of  siiggeitive  ideas,  even  although  the 
individual  be  conscious.  Thia  state  hau  been  cnlled  mono- 
idcUm.  (Braid.)  The  mode  of  effecting  this  is  to  cause  a 
certain  number  of  persons  to  Sz  their  attention  on  a  small 
object,  as  a  coin,  or  submit  lu  Lave  monotonous  pnnnm  made 
with  the  hands  before  their  face.  On  an  average,  at  least  one 
person  in  twenty  so  treated  feels  in  a  shorter  or  lunger  time, 
first  a  mistiuess  of  viiiiou  or  stiffness  in  the  eyelids,  and  ooca- 
sioually  deep-drawn  sighs,  hurried  respimlion,  and  signs  of 
general  eicitemeul  are  visible.  If  now  such  persons  ore  respec- 
tively told  in  a  confident  manner  that  they  cannot  ojien  Ibeir 
uy«H,  it  will  be  found  that  they  cannot  do  so,  especially  if  their 
attention  be  Uiore  strongly  ditvcltid  \m  the  eyelids  by  toiichbg 
or  by  pointing  to  them.  But  oo  receiving  |iermisaiou,  or  on 
being  commanded  to  open  ihom,  this  is  done  at  onvc.  Such 
persons  may  now,  as  in  certain  casos  of  sumuambulism,  have 
every  kind  of  motion,  sensation,  or  mental  act  produced, 
governed,  or  arresti.il,  according  to  the  eudlem  tmiu  of  suggt». 
tivo  ideas  that  may  be  communicated  to  the  individual.  Many 
of  tha  lower  animals  also  appear  to  be  susceptible  of  being 
impreasedby  what  strongly  arrests  their  attention,  insncha  way 
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that  they  are  reodered  incapable  of  voltintiirj  motioa,  or 
tiblj  impelled  towards  the  ohject.  Hence  the  long  glittering 
bodies  of  serpents,  or  the  glaring  eyes  of  other  animals, /o^CTtiafil 
birds  and  small  quadnipeda,  and  reader  them  an  easy  prey  to 
their  enemies.  Similar  e&ect.s  are  produced  in  individualB 
look  from  heights  and  precipices,  and  experience  an  uncontrol- 
lable desire  to  leap  down,  although  it  be  to  certain  destruction. 

Like  phenomeua  have  occurred  in  all  ages,  produced  in  certain 
persons  by  predominant  ideas,  and  variously  modified  aawrding 
to  the  education,  politics,  or  religion  of  the  period.  Thus  tha 
etfecta  produced  on  many  votaries  during  their  initiation  into 
the  ancient  mysteries  ;  the  ecatacies  of  the  Pythian  and  other 
priestesses  ;  the  influence  of  religious  enthusiam  ;  the  dancing 
epidemics  of  8t  Vitus  or  of  Tarautiam  in  the  middle  ages  ;  the 
hnlliicinations  of  the  Conrulsionaires  at  the  tomb  of  St  Medard, 
in  Paris  ;  the  effects  of  magic  and  of  spells,  &c,  &&,  are  of  th« 
same  character.  Numerous  perversions  of  the  nervous  functions, 
identical  in  their  nature  with  those  described,  conaisting  of 
sensory  illuaioDS,  muscular  couTulsions  or  rigidity,  and  peculiar 
trains  of  thought  iufluencing  acta  and  convei-sation,  may  be  found 
in  the  historiea  of  witchcraft  and  demouology,  in  the  legends 
of  the  aainta,  the  journal  of  Mr  Wesley,  and  in  the  accounts 
given  by  travellers  of  the  religious  camp-raeetinga  in  the  woods  of 
America.  They  are  perhaps  more  common  now  than  formerly, 
and  excite  even  more  astonishment  among  the  ignorant ; 
the  only  diflerence  being,  that  the  same  phenomena,  which  in 
a  doi-k  age  were  attributed  to  divination  or  incantation,  now 
assume  the  garb  of  science,  and  are  ascribed  to  magnetism  or 
electricity. 

It  is  unncceasary  to  enter  into  any  lengthened  argnment  to 
refute  the  numerous  hypotheses  which  ascribe  these  effects  to 
external  influences.  There  is  no  series  of  well-aiBcertained  facta 
capable  of  supporting  such  it  doctrine ;  whereas  it  would  be  . 
easy  to  prove  that  all  the  phenomena  really  occasioned  depend' 
on  suggestive  ideas  communicated  to  the  persou  affected.  But 
while  these  theories  scarcely  merit  attention,  the  facts  them- 
selves are  highly  important,  aad  demand  the  careful  consider»> 
tion  of  the  physiologist  and  medical  practitioner.  The  effect  of 
mind  on  the  body  h.'w  from  the  earliest  periods  been  seized  npoa 
by  individuals  as  a  ground  for  veneration  or  astonishment. 
ancient  times  the  heathen  priests  were  the  physicians,  and  tti» 


I 


t 


MONO-WEISU. 


359 


temples  were  converted  into  so  iniuiy  diapeomriea,  at  which  the 
Hick  applied  for  relief.  lu  Catholic  countries,  during  the  middle 
ages,  the  oflices  of  priest  and  physician  were  frequently  united 
in  one  person  ;  so  that  the  powerful  effects  of  certain  Bhrines, 
and  the  benefits  of  pilgrimages  ia  cases  not  admitting  of  simple 
cure,  met  with  every  encouragement.  From  what  has  preceded, 
it  must  be  allowed  that,  ao  far  from  its  being  improbable  that 
real  cures  were  so  effected,  all  that  we  know  of  the  effects  of 
conG<leut  promises  on  the  one  hand,  and  belief  on  the  other, 
render  it  very  likely  that  many  such  occurred.  The  legends  of 
the  saints,  the  history  of  witchcraft,  the  journal  of  Mr  Wesley, 
the  accounts  of  celebrated  pilgricnages,  and  of  the  Tirtues  of 
particular  shrines,  and  the  writings  of  religious  enthusLAsts 
generally,  abound  in  wonderful  cures.  Channs,  amulets,  and 
relics  are  stated  to  have  at  once  banished  all  kinds  of  agony, 
and  removed  numerous  nervous  diseases.  Many  of  these  are 
certainly  incredible,  whilst  others  are  perfectly  conceivable. 
The  benefits  of  the  royaJ  touch  are  confirmed  by  the  observa- 
tiouB  of  Richard  Wiseman,  and  the  cures  perfomwd  bj  Great- 
rakea  are  warranted  by  Robert  Boyle.  In  all  these  cases,  there 
can  be  little  doubt  that  any  benefit  which  did  occur  may  be 
attributed  to  a  stroDg  belief,  on  the  part  of  the  patient,  in  the 
efficacy  of  the  means  employed.  The  fxcta  ascertained  in  con- 
nection with  this  subject  open  up  a  wide  field  for  investigation, 
not  only  in  physiology  and  practical  medicine,  but  in  what 
relates  to  evidence  as  it  is  now  received  in  courts  of  law. 

As  r^^ards  the  nature  of  this  condition,  it  seems  analogous  to 
that  of  sleep  or  dreaming,  in  which  certain  faculties  of  the  mind 
are  active,  and  may  be  even  atimutated  into  eicessive  action, 
whilst  othen  are  suspended.  Alt  the  phenomena  produced  are 
strictly  analogous  to  what  medical  men  are  acquainted  with  in 
various  morbid  states  ;  and  it  must  now  be  considered  as  well 
established,  that  in  certain  conditions  of  the  nervous  system 
they  may  be  induced  at  will.  This  conclusion,  however,  is 
something  new,  for  it  has  but  recently  been  received  in  physio- 
logy or  pathology,  that  a  conditiou  of  the  cerebral  functions 
may  be  occasioned  in  ajiparently  healthy  persons  in  which  sug- 
gestive ideas  are  capable  of  pro<lucing  those  phenomena  we  have 
described,  and  which  reader  them,  for  the  time,  as  irresponsible 
as  monomaniacs.  Yet  such  is  really  the  fact,  and  once  admitted 
into  pbjsiology,  must  have  an  important  influence  on  the  theory 
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and  practice  of  medicine.     Such  a  conJitiou  may  proTjBhly  be 
accoiintti!  for  phyaiologically  ia  the  fuUowing  manner  : — 

We  have  previously  Been  tlmt  the  white  matter  of 
bral  lobes  contaii^ tubes,  which  run  in  three  direetions, — lat, 
Those  which  pass  from  below  upwards,  and  connect  the  hemi- 
apherical  ganglion  with  the  apinai  cord  ;  2d,  Those  which  paaa 
transversely,  forming  the  commissures,  and  which  unite  the 
two  heniiapheres  ;  and  3d,  Those  wliich  run  from  before  back- 
wards, uniting  the  anterior  with  the  posterior  lobes  on  each 
side.  It  has  also  been  ntated  that  these  tubes  are  probably 
Bubservient  to  that  combinntiou  of  the  mental  faculties  which 
elmracterises  thought.  Now,  all  metaphysicians  and  physio- 
logists are  agreed  tliat  the  mind  is  composed  of  various  faculties, 
and  that  differeut  portions  of  the  nervous  mass  are  necessary 
for  their  manifestation.  True,  it  ia  by  no  meana  determined 
what  or  how  many  faculties  mind  should  be  divided  into  ;  still 
less  is  it  known  which  parts  of  the  brain  are  necessary  for  the 
manifestation  of  each.  But  let  the  firet  proiMwitioa  lie  granted, 
then  there  is  uodifficulty  in  supposing  that  one  or  more  of  these 
may  be  paralysed  or  suspended,  whilst  others  are  entire,  any 
more  timn  there  ia  in  knowing  that  sensation  may  be  lost  whilst 
motion  remains  intact,  although  the  nerve  fibres  of  both  run 
side  by  side.  It  may  be  presumed,  then,  thnt  certain  mentiil 
faculties  are,  as  the  result  of  exhausted  attention,  temporarily 
paralysed  or  suspended,  whilst  others  are  rendered  active 
consequence  of  being  atimulated  by  suggestive  ideas  ;  th&t 
psychical  stimuli  of  the  former  make  no  impressions  on 
cerebral  conducting  tubea,  whilst  those  of  the  latter  are 
creased  in  intensity  ;  that  the  proper  balance  of  the  mind  is 
thereby  disturbed,  and  thua  the  individiial,  for  the  time  being, 
acts  and  talks  as  if  the  predominant  idea  was  a  reality.  The 
coudition  is  analogous  so  far  with  ordinary  aomnambulism, 
certain  forms  of  hypochoudrinsls,  and  monomania,  but  admits 
of  inSnite  changes,  from  the  nature  of  the  idea  suggested. 

According  to  this  theory,  tlieretore,  we  suppose  that  a  ptrf- 
chical  atimnlus  ia  generated,  which,  uncontrolled  by  the  Other 
mental  operations  acting  under  ordinary  circumstances,  induces 
impressions  on  the  peripheral  extremities  of  the  cerebral  Bbres, 
the  influence  of  which  only  is  conveyed  outwards  to  the  muscles 
moved.  In  the  same  manuer,  thu  remembrance  of  aensationa 
cfOk  aitt-aj's  be  called  up  by  the  mind ;  but  under  ordinary  cir- 
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cumBtanceB  we  know  they  are  only  remembrances,  from  the 
exerctae  of  judgment,  conipnriiion,  and  other  meattU  faculties ; 
but  tbeae  being  exhausted,  in  the  coDditiuu  unjer  considerutioa, 
while  the  suggested  idea  is  predoniiniuit,  leave  the  indiviUuaJ  a 
believer  in  its  reality. 

In  this  manner  we  attribute  to  the  faculties  of  the  mind  a 
certain  power  of  correcting  the  fallacies  which  each  is  liable  to 
fall  into,  in  the  same  way  that  the  tlluBious  of  one  sense  are 
capable  of  being  detected  by  the  healthy  use  of  the  other  Beneee. 
We  farther  believe  that  the  apparatus  neceusary  for  the  former 
openitions  consists  of  the  nerve-tubes  which  unit*  different 
parte  of  the  hemispherical  ganglion,  whilst  that  necessary  for 
the  Utter  ttro  the  nerve-tubes  connecting  together  the  organs  of 
sense  and  the  ganglia  at  the  base  of  the  encephalon.  A  healthy 
tuid  sound  mind  is  cliarocteriaed  by  the  proper  bnlaitce  of  all 
the  mental  faculties,  in  the  name  manner  that  a  healthy  body  is 
dependent  on  the  proper  action  of  all  the  nerves.  There  are 
mental  and  sensorial  illusions,  one  caused  by  predominant  ideas, 
and  corrected  by  proper  reaaouing ;  the  other  caused  by  per- 
veraion  of  one  sense,  and  corrected  by  the  right  application  of 
the  others.  Both  these  conditions  are  intimately  united,  and 
operate  on  each  other,  inasmuch  as  voluntary  mid  emntiounl 
movements  and  seusatiou  are  mental  operations. 

This  theory,  if  further  elaborated,  appears  to  be  consistent 
with  (^  known  facts,  and  capable  of  esplaining  them  ou  phy- 
siological principles. 

ABNORMAL  INXERVATIOX. 

Tiie  derail geuiejits  of  the  nervous  aysteiu  like  those  of  nutri- 
tiou,  can  never  lie  iiuderstooii  without  a  kuowledge  of  its 
anatomy  and  pliysiolugy.  The  gencml  laws  which  regulate  the 
morbid  actions  it  evinces,  have  been  referred  to  (|i.  389).  The 
special  disorders  may  be  classified  vtUt: — 1st,  Cerebral;  id, 
Spinal  1  3d,  Cerebro-spinal ;  4th,  Neural ;  and  Sth,  Neuto- 
spinal,  according  as  the  brain  spinal  cord,  or  nerves  are  nlfecteil 
alone,  or  in  combination.  Aberrations  of  intellect  always  de- 
pend on  cerebral  disturbance,  while  pffversions  of  motion  and 
■ensiliitity,  if  extensive,  indicate  spinal,  and  if  local,  neural 
disorder.  Thus,  insanity  and  apoplexy  are  cerebral ',  tetanus 
and  chorea,  spinal ;  epilepsy  aud  catalepsy  are  cerebro-spinal ; 
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neuralgia  and  local  paralyeia  are  neural ;  and  aJl  combined 
BpHBmB,  depeudeut  OQ   diostoltii;  or  reflex  actions,  are  neuro<fl 
HpiuiLl.    The  following  it)  an  euumeration  of  nervous  disorden^il 
with  the  meanings  that  ougbt  to  be  attached  to  them. 

Ulattificaiion  of  Di»ea»u  of  Inneri'ation, 

I.  Cerebral  JHaordert,  in  w/ack  the  cerAral  fobea  (or  brain 
proper)  are  affected ; — 

IssANiTr,  or  mental  alierration  in  its  various  forms, 
elude  partial  and  general  insanity.  The  first  comprehendi 
Monomania,  or  madness  on  one  particular  subject,  Inilinetive 
or  ImpuUive  Jnianitg,  Moral  Jjteariilff,  and  Hgpochond! 
The  last  comprehends  Mania,  or  raving  madness,  Dementia  of 
diminution,  and  Amentia,  total  loss  of  the  mental  fuculties. 

Headache  and  other  nneAsy  sensations  within  the  craniun)^^ 
such  as  lightness,  heaviness,  vertigo,  &c.,  &< 

Apoplexy. — Sudden  loss  of  consciuusuess  ajid  of  volunlarj' 
motion,  commencing  iu  the  brain.  The  absence  of  conscioiisnem 
necessajil;  involves  that  of  sensation.  The  same  condition  as 
regards  nervous  phenomena  exista  in  eyneope  and  aiphyx-ia,  but 
the  first  of  these  commences  in  the  heart,  and  the  second  i' 
lungs.  Allied  to  apoplexy  is  orniia  or  stupor,  arising 
various  cftuses  affecting  the  hrain,  such  as  preasiire,  or  poisont 
agents  like  alcohol,  chloroform,  opium,  &c.. 

Tkancb,  or  prolonged  somnolence,  either  wilb  or  vithont 
perversion  of  sensation  or  motion.  To  this  state  is  allie 
rett/uy,  or  unconsciouaueas  with  mental  excitement. 

iRRBauLAR  MoTtoHs,  SpAHMS,  &«.,  originating  in  excited  (. 
diminished  voluntary  power,  as  iu  certain  autea  of  domlnai 
idea*,  eomnaml/nlitm,  ealtatort/  movement*,  eremart,  &c.  ;  or,  o 
the  other  hand,  incapability  ofmovemtnt  from  langour,  surprise, 
mental  agitation,  &c.,  &c. 


but  , 

the  ^J 


tr,  surprise,  ■ 

rtrbral  por^^^^M 
induced  or  I 


II.  S'pinal  Jiixm/ers,  i«  w/k'cA  t/te 
tione  of  the  spinal  cord  are  affected  .-— 

Spinal  Irritattor. — Pain  in  the  spinal  column,  induced  or 
increased  by  pressure  or  percussion,  often  associated  with  a, 
variety  of  neuralgic,  convulsive,  spasmodic,  or  paralytic  ilia- 
orders  affecting  in  different  ctaes  all  the  organs  and  visoem  of 
the  body,  and  so  giving  riso  Ui  an  endless  nimiber  of  morbiil 
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TKTANtra. — Tonic  contraction  of  the  voluntary  niuacleH. 
TrittKOt,  if  couHned  to  the  muwies  of  the  jaw  ;  Opiitholonos,  if 
ttffectini;  the  musoleu  of  the  back,  su  as  to  dmw  the  boily  bnck- 
warda  ;  Emprmtholimr^,  if  afTecting  the  muauleii  of  the  neck  rhiI 
iibiloinei),  go  iiB  to  draw  the  body  forwards  ;  and  Pleuroitkotono*, 
if  affecting  the  miiaclea  of  the  body  laterally,  so  a«  to  draw  the 
body  aidewdya. 

Oburka. — Irregular  action  of  the  voluntary  muBcles,  when 
Btimolated  by  the  wilL 

Hysteria. — Any  kind  of  perverted  nervous  function,  con- 
nected with  uterine  deraugemeut.  Votlu'ng  can  be  mure  vague 
than  this  term. 

Htdropdobia. — Spasms  of  the  muaolea  of  the  pliamyz  and 
chest,  with  difficulty  in  drinking  and  dread  of  fluids. 

Spasus  AMD  CoNVULSioKB. — Touic  and  clonic  contractiona  of 
the  muscles  of  every  kind  and  degree,  not  included  in  the  above, 
originating  in  the  cord.  (Centric  Spinal  Diseases — Mai'sluJI 
HalL) 

HEMtrLBolA. — Paralysis  of  a  lateral  half  of  the  body,  gene- 
rally dependent  ou  disorderB  of  the  crauiuj  portiou  of  the  spinal 
cord  above  the  decusxatiou  in  the  mediiUa  ohlon'/aia. 

Pabapleoia.— Paraly»i«  on  both  aidea  of  the  body,  generally 
the  lower  half,  iu  cousequeuce  of  disorder  of  the  vertebnd  por- 
tion of  the  spinal  cord,  below  the  decussation  in  the  tnaiittla 
obhngfUa. 

IIL  Ctrtbro-Spinal  dlieirdtr*,  in  which  liotli  (trebral  tuba  and 
tpinal  cord  art  aftclrd : — 

EriLSPBT. — Loss  of  coDSciouancaa  with  spaanis  or  convulaiona 
occurring  in  paroxysnia.  ApoiAejy  irith  cimridiion  orparalytit 
is  also  uerebro-spiuaL 

Catalefst.^ — Loss  of  I'ouscioUBUees  with  peculiar  rigidity  of 
iniiwlBa,  so  that  when  the  body  or  a  limb  is  placed  in  any 
podtioii  it  becomes  fixed. 

EcLAMrsiA. — Touic  apaanis  with  loss  of  consciouuiea  iii 
infautii.     The  acute  epilepsy  of  some  writers. 

IV. — Kmral  diaorders,  in  whkh  Vie  nerva  are  affected  during 
their  eourte  or  at  their  extrmili»» ; — 

Nrdraloia. — Pain  in  the  coumi*  uf  a  nerve,  although  in  fact 
all  kind  of  paiu  whatever  is  owing  to  irritation  of  the  nerves. 
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Thua  the  sjmpathetiF  Byeteni  of  iierveH  imd  its  g&nglin,  thongh 
ordinoril;  giving  rise  to  uo  BeDHntion,  maj  occoaiunally  do  ao, 
as  in  angina  pectorit,  colic,  irritable  taticle  and  uterus,  nnd  in 
other  Hgotiiziug  seDsatioDB,  referreJ  to  various  orgauB. 

Irritation  of  thb  Nkrvbs  of  Si'ecial  SKsaB.— Of  the  optic, 
cansing  jlaakei  of  light,  neiilar  ^eclra,  mtucm  voUla-nta,  &c ;  of 
the  auditory,  eausing  lianiiia  aurium  ;  of  the  olfactory,  causing 
Hnuamal  wnaitiventu  to  odour;  and  of  the  gustatory,  causing 
pereerted  lasla  in  the  mouth.  Itching,  fonoication,  and  other 
seuaatioua  referable  to  the  periphend  nerves,  also  belong  to  this 

Ibmtatiok  of  Special  Nerves  of  Motion,  as  in  local 
spasms  of  oae  or  more  muscles,  or  of  the  hollow  viscera. 

Local  Paralysis. — Loss  of  motion  or  seuaibility  in  a  limited 
part  of  the  body,  or  confined  to  a  special  aeuse,  as  in  lead  paity, 
or  in  amaurosis,  cophotii,  anormia,  ageJistva,anitstliaia,  and  loco- 


V.  Nturo-spinal  disorder!,  in  w/iich  loth  l/ie  fienxs  and  ipinal 
eord  are  affected : — 

DiAsTALTic  OR  Hetlkx  AcTiONa — To  this  class  belong  all 
tliose  diseases  depending  on  irritation  of  the  extremity  of  a 
sensitive  neire,  acting  through  the  cord  and  motor  nerves  on  the 
muscular  system,  and  producing  a  variety  of  spasmodic  dia- 
ordem,  local  or  general,  far  too  numerous  to  mention — which 
con  only  be  understood  by  Si  thorough  knowledge  of  the  physi- 
ology of  the  diaataltic  or  excito-motory  system  of  nerves. 

All  these  disordera  may  be  the  result  of  structural  disease  of 
the  nervous  system,  or  of  what  is  called _/«Nc(«)nu/  derangement, 
understanding  by  this  a  disease  which,  even  when  it  causes 
death,  leaves  no  trace  of  altered  structure  detectable  with  the 
aid  of  the  microscope.  Tims,  tetanic  rigidity  may  depend  on  a 
spinal  arachnitis,  a»  well  as  on  the  irritation  from  a  wound  or 
poisoning  by  strychnine  ;  and  delirium  and  coma  may  be  caused 
by  cerebral  meningitis,  as  well  as  by  moral  insauity,  starvation, 
or  poisoning  by  chloroform  or  opium.  Whether  in  these  oases 
there  be  in  fact  only  one  cause  common  to  the  whole,  it  is 
difficult  to  any  ;  certainly  it  cannot  be  demonstrated.  It  might 
be  contended  that  in  every  instance  there  is  a  certain  amount  of 
congestion  producing  unaccustomed  pressure,  or  that  a  |)eculiar 
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entarily  produced  here  or 
either  theory  appears  to  us 
applicable  to  all  CAeea,  we  sLtill  coiiHtder  the  pathologieal  oawtt 
of  nenxm*  dUordert  la  of  four  kinda, — 1st,  Congeattve  ;  2d, 
Stnictoral  j  3d,  Diwtaltic  ;  4th,  Toxic. 


I.  Cajigatiee  dtrangernentt  of  the  nertwui  lytlem. — The 
peculiar  nature  of  the  ciruulation  within  the  cranium  and 
vertebral  canal  has  been  previously  pointed  out  (p.  220),  and 
ve  bave  aeun  'that,  although  well  defended  under  ordinary 
dromnslances  against  any  mischievous  change,  still,  when  auch 
fte&ge  doee  occur,  it  operates  in  a  peculiar  manner.  In  other 
wnHi,  so  long  a«  the  bonee  are  capable  of  reaiating  atmospheric 
piMture,  although  the  amount  of  fluid  within  these  cavities 
cannot  change  as  a  whole,  yet  the  dlBtributiou  of  that  amount 
may  vary  infinitely.  Thus,  by  its  being  accumulated  Bometimea 
in  the  arteries,  at  other  times  in  the  veins,  or  now  in  one  place 
and  then  in  another,  unaccustomed  pressure  may  be  exercised 
on  different  parts  of  the  nervous  centres.  This,  according  to  its 
amount,  may  either  irritate  or  suspend  the  functions  of  the 
parld  ;  a  fact  proved  by  direct  experiment,  as  well  as  by  in- 
numerable instances  where  depreasion  of  bone  has  caused 
nervous  phenomena  which  have  disappeared  on  removal  of  the 
exciting  cause.  That  congestion  does  frequently  occur  in  the 
braiu  and  spinal  cord  there  can  be  no  doubt,  fdthough  it  cannot 
always  be  demonstrated  after  death.  The  tonic  contraction  of 
the  arteries  is  alone  sufficient  to  empty  them  of  their  contents, 
and  turgidity  of  the  veins  may  or  may  not  remain  according  to 
[lie  symptoms  immediately  preceiiing  death,  and  the  position  in 
which  the  body  is  placed  But  it  is  ohaervnble  that  those 
causes  which  excite  or  diminish  the  action  of  the  heart  and 
general  powers  of  the  body  ore  at  the  same  time  those  which 
induce  nervous  disturbance,  as  well  as  occasion  a  change  of 
drcnlatioQ  in  the  cerebro^epinal  centres—such  as  the  cmotioua 
and  passions,  plethora  and  aniemia,  unaccustomed  stimuli, 
uterine  derangeweut,  &c. 

It  is  only  by  this  theory  that  we  can  understand  how  sucli 
varioUH  results  ovcasioually  occur  from  apparently  the  s 
cause,  and  again  how  what  appear  to  b«  different  causes  produce 
similar  effecU.  Thus,  violent  anger,  or  an  unaccustomed 
stimulus  may,  in  a  healthy  (lerson,  induoe  a  flushed  countenance. 
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increased  action  of  the  heart,  a  bounding  pulse,  and  sudden  loss 
of  couBciouaiifsa.  Again,  fear  or  ezlinUHtion  may  occaaion  a 
paUid  face,  depressed  or  scarcely  perceptible  heart  action,  feeble  ' 
pulse,  and  also  loss  of  consciousDess.  In  the  first  case,  c 
there  is  au  accumulation  of  blood  in  the  arteries  and  arterial 
capillaries,  and  a  corresponding  comprettaiou  of  tlie  v 
tlie  second  case,  or  *yjicojje,  there  is  distension  of  the  veins  and 
venous  capUlaries,  with  proportionate  diminution  of  the  calibrs 
of  the  arteries.  In  either  case,  owing  to  the  peculiarity  of  the 
circulation  within  the  cranium,  [iressure  in  exerted  on  the  brain. 
Hence  syncope  differs  from  coma  only  in  the  extreme  feebleneM 
of  the  heart's  action, — the  cause,  proiiiicinglossof  consciousuesa, 
sensation,  and  voluntary  motion,  being  the  same  in  both. 
Indeed,  it  is  sometimes  difficult  to  distinguish  these  states  from 
each  other ;  and  that  they  have  frequently  been  confounded, 
does  not  admit  of  doubt. 

In  the  same  manner,  partial  congestion  from  either  cause  may  ^ 
occur  in  one  hemisphere,  oi  part  of  a  hemisphere,  in  the  brain, 
or  in  any  particular  portion  or  segment  of  the  spinal  cord. 
The  pressure  so  occaaioneil  may  irritate  and  excite  fuuction,  or 
may   pandyse   or  suspend  it  ;  nay,  it  may  so   operate   as   to 
suspend  the  function  of  one  part  of  the  nervous  system,  while 
it  exalts  that  of  another.      Thus  all  the  phenomena  of  epilepsy    . 
are  eminently  congestive,  the  individual  frequently  enjoying  the    I 
most  perfect  health  in  the  intervals  of  the  attack,  aithtiugh  the 
effect*  are  for  the  time  terrible,  causing  such  pressure  that, 
while  the  cerebral  functions  are  tor  the  time  annihilated,  the 
spinal  ones  are  violently  excited.      In  the  same  maimer  are 
explained  all  the  varied  phenomena  of  hysteria  and  spinal  irri- 
tation, for  inasmuch  as  the  apiual  cord  furnishes,  directly  or 
indirectly,  uerves  to  every  orgjin  of  the  body,  so  congestion  of 
this  or  that  portion  of  it  may  increase,  pervert,  or  diminish  the 
functions  of  the  nerves  it  givee  off,  and  the  organs  which  they 
supply.     Congestion,  therefore,  we  conceive  to  be  the  chief   I 
cause  of  functional  nervous  disorders  originating  in  the  great    | 
cerebro-spinal  centre. 

2.  Stmctural  derangtmfiiU  of  the  nervo-iu  gystem. — Thevariom 
parti  of  the  nervous  system,  being  furnished  witli  blood  vi 
are  subject  to  must  of  the  diM;ases  of  nutrition.     The  brain  and   j 
spinal  cord  are  especially  liable  to  those  lesions  which  produce'  I 
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uffiisiOD,  eitrnvoKiiUaii,  exudation,  morbid  growths.  And  de- 
generatiouB  of  texture.  The  efFects  these  occaaiou  we  identically 
the  same  in  kiud  as  those  caused  bj  Dimple  jireasure,  or  from 
the  other  circumstances  to  he  refeTTe<l  to.  In  their  mode  of 
onset,  however,  they  exhibit  a  differenve.  Thiia,  na  a  geoeral 
rnle,  hagmoirhage  is  indicated  by  suddeuneaa  of  attack  ;  acute 
exudations,  by  IocaI  pain,  with  fever  ;  chrouic  exudations  and 
tumours,  by  gradual  perversion  of  the  mental,  sensitive,  and 
motor  functions  in  various  ways  and  decrees,  according  to  the 
part  affected.  Intelligence  sulTers  in  projiortion  to  the  extent 
and  nearness  of  the  disease  to  the  hemiiipherical  ganglion,  and 
motion  according  as  the  cerebral  and  vertebral  portions  of  the 
spinal  cord  are  influeQced.  Occasionally,  after  more  or  leas  im- 
pairment of  intellect,  sudden  paraJTsis  itppears  ;  a  result  attri- 
butable U)  the  rupture  or  deliquescence  of  tubes  which  have 
been  already  softene*!,  but  not  sullicieutly  so  to  interrupt  their 
power  as  conductors  of  the  nervous  force.  Instances,  indeed, 
have  Iwen  recorded  where  complete  destruction  of  one  half  of 
the  brain,  or  of  the  whole  thickness  of  the  spinal  cord  is  said  to 
have  occurred,  in  which  no  paralyuis  or  other  symptom  has  been 
raunwl  ;  bnt  it  is  certain  that  numeroua  tubes  in  such  otses 
were  intnct  during  life,  and  capably  of  traiisiiiitting  inipres- 


3.  DiantaUic  or  rrjlcr  deraagemmlt  of  the  ntrvoue  ni/Uftti. — We 
liave  previously  seen  (p.  289)  that  recent  researches  render  it  pro- 
liable  tluit  the  actions  hitherto  denominated  re/f&r  arc  in  fact 
direct  ;  only  that  the  impression  wliich  is  conveyed  commeni.'es 
in  the  circumference  of  the  body,  instead  of  in  the  nervous 
centres.  There  is  every  reason  to  believe  that  aueh  impressions 
jiasB  through  the  cord  by  mt-tiuit  of  conducting  nerve  Rbree, 
which  croes  from  one  side  of  that  organ  to  the  other,  and  that 
lustology  will  yet  demonHtratu  that  all  these  apparently  con- 
fused actions  are  dependent  ou  the  existence  of  certain  uniform 
condncting  media.  Indewl,  already  we  can  judge  wilb  tolerable 
exactitude  from  the  effects,  what  are  tlio  particular  nerves  nud 
segments  of  the  cord  which  are  indiienced  during  a  variety  of 
actions  ;  and  notwithstanding  the  immense  difficulties  uf  the 
inquiry,  we  have  every  hope  that  the  period  is  not  distant 
when  the  diagnosis  of  ninny  more  rellex  acts  uill  also  be  ren- 
dered cerlAin.     The  princi]ile  involved  in  nil  these  nets  is,  that 
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n  wliich  produces  them  is  to  be  sought  for 
a  extremities  rather  than  io  lesioas  of  the  centres 
the  great  iinportnnc«  of  this  principle  in  pathology  and  in  prac- 
tice cannot  be  too  highly  estimated,  although,  for  the 
details  which  iUustnite  it,  ve  must  refer  to  a  previous  part  of 
this  book  (p.  312),  and  especially  to  the  works  of  Dr  Marshal] 
Hall.  We  would  point  to  tniumatic  tetanus,  and  to  the  convul- 
sions resulting  from  teething  and  gastric  denmgementa  in 
children,  as  good  examples  of  dinstaltic  functional  disordeift 
Numerous  symptoms  which  accompany  organic  changes  belong 
to  the  same  category.  In  other  words,  the  structural  Tesioa 
coustitutea  the  irritaut,  or  cause,  while  the  effect  is  functional. 


I  of  the  ntr-Doia  ti/item. — Tlie  influenoe 
exercised  by  certain  drugs  is  of  a  kind  which  causes  a  close 
resemblance  to  various  diseases  of  the  nervous  system.  These 
influences,  if  carried  to  excess,  are  toxic,  and  dangerous  to  life; 
if  employed  modenvtely,  and  with  caution,  they  constitute  the 
basis  of  our  therapeutic  knowledge  in  a  vast  varied  of  diseuea. 
Why  one  drug  should  piossess  one  ]>ower,  and  another  a  different 
one, — or  why  aome  should  influence  the  brain,  and  others  the 
spinal  cord  or  nerves, — we  are  ignorant.  Such  facta  are  as  much 
ultimate  facts  in  therapeutics  as  are  the  separate  eudowmenta 
of  oontractility  and  sensibility  in  physiology.  As  pathological 
causes  of  functional  disorders  of  the  nervous  Bystem,  their 
power  is  undoubted.  By  their  means  tie  five  classes  < 
nervous  disorders  may  be  occaaioued  iu  difiei-ent  ways,  pro 
ducing  altogether  distinct  and  peculiar  effects.  Thns — 
Toxk  cerebnA  derangemeala  are  occasioned  by  opium  lui 
of  the  pure  narcotics,  which  first  excite  and  then  depress  or  J 
destroy  the  mental  faculties.  According  to  Flourens, 
acU  on  the  cerebral  lobes,  while  belladonna  operates  e 
mrpora  quadrigemitta.  The  first  causes  contraction,  and  the  I 
last  dictation  of  the  pupils.  Tea  and  cofee  are  pure  excitors  of 
the  cerebral  tunctiiina,  and  cause  sleeplessneSiS.  Alcohdiedrinii, 
ather,  ehtoroform,  and  similar  stimuLints,  firet  excite  and  thea 
suspend  the  mental  faculties,  like  opium.  The  modem  practice 
of  depriving  persons  of  conaciausness,  in  order  for  a  time  ti 
destroy  sensation,  has  been  very  much  misnnderstood  in  conse 
quence  of  such  remedies  having  been  erroneously  and  ua 
scientifically  denominated  amBsthetica    The  fact  is,  they  in  at 
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way  influence  local  sensibility,  or  the  sense  of  touch.  Their 
action  is  altogether  cerebral ;  and  hence  the  danger  which  has 
frequently  attended  their  action. 

Toxic  spinal  derangements, — Strychnine  acts  especially  as  an 
excitor  of  the  motor  filaments  of  the  spinal  covd,  causing  tonic 
contractions  of  the  muscles,  as  in  tetanus  from  spinal  arachnitis, 
or  from  the  diastaltic  action  of  a  wound.  Woarara  produces 
exactly  an  opposite  effect,  causing  paralysis  and  flaccidity  of 
the  same  parts.  Conium  paralyses  the  motor  and  sensitive 
spinal  ner\'es,  producing  paraplegia,  commencing  at  the  feet, 
and  creeping  upwards.*  Picrotoxine,  according  to  Dr  Mortimer 
Glover,  causes  the  animal  to  stagger  backwards,  as  in  the  ex- 
periments of  Magendie  or  the  crura  cerebellu 

Toxic  cerebrospinal  derangements, — Of  these,  the  poisonous 
effects  of  hydrocyanic  acid  offer  a  good  example.  All  the 
animals  we  have  seen  killed  by  this  agent  utter  a  scream,  lose 
their  consciousness,  and  are  convulsed.  These  are  the  symptoms 
of  epilepsy.  Cold  is  at  first  an  excitor  of  the  spinal  functions, 
and  is  a  strong  stimulant  to  diastaltic  activity,  but  if  long 
continued,  produces  drowsiness  and  stupor. 

Toxic  neural  and  neuro-spinal  derangements  are  especially 
occasioned  by  the  action  of  certain  metallic  poisons,  such  as 
mercury,  which  occasions  irregular  muscular  action,  with  weak- 
ness ;  and  lead,  which  causes  numbness  and  palsy,  most  common 
in  the  hands.  On  the  other  hand,  cantharidea  stimulates  the 
contractions  of  the  neck  of  the  urinary  bladder  and  Hcaie 
Comutufn  those  of  the  pregnant  uterus.  Stramonium  acts  as  a 
sedative  to  the  nerves  of  the  bronchi ;  while  aeoniU  operates 
powerfully  in  paralysing  the  action  of  the  heart. 

*  See  the  author's  cane,  In  which  the  symptoms  resembled  those  caused  in 
Rocrates  as  described  by  Plato.  Ed.  Med.  and  Surg.  Journal,  1S45,  and  Clinical 
Medicine,  6th  edit.  p.  459. 
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that  they  are  rendered  incapable  of  voluntary  motion,  or  irresift- 
tibly  impelled  towards  the  object.  Hence  the  long  glittering 
bodies  of  serpents,  or  the  glaring  eyes  of  other  animals, /a«ci>ia<tf 
birds  and  small  quadrupeds,  and  render  them  an  easy  prey  to 
their  enemies.  Similar  effects  are  produced  in  individuals  who 
look  from  heights  and  precipices,  and  experience  an  uncontrol- 
lable desire  to  leap  down,  although  it  be  to  certain  destruction. 

Like  phenomena  have  occurred  in  all  ages,  produced  in  certain 
persons  by  predominant  ideas,  and  variously  modified  according 
to  the  education,  politics,  or  religion  of  the  period.  Thus  the 
effects  produced  on  many  votaries  during  their  initiation  into 
the  ancient  mysteries ;  the  ecstacies  of  the  Pythian  and  other 
priestesses  ;  the  influence  of  religious  enthusiam  ;  the  dancing 
epidemics  of  St  Vitus  or  of  Tarantism  in  the  middle  ages  ;  the 
hallucinations  of  the  Convulsionaires  at  the  tomb  of  St  Medard, 
in  Paris  ;  the  effects  of  magic  and  of  spells,  &c.,  &c.,  are  of  the 
same  character.  Numerous  perversions  of  the  nervous  functions, 
identical  in  their  nature  with  those  described,  consisting  of 
sensory  illusions,  muscular  convulsions  or  rigidity,  and  peculiar 
trains  of  thought  influencing  acts  and  conversation,  may  be  found 
in  the  histories  of  witchcraft  and  demonology,  in  the  legends 
of  the  saints,  the  journal  of  Mr  Wesley,  and  in  the  accounts 
given  by  travellers  of  the  religious  camp-meetings  in  the  woods  of 
America.  They  are  perhaps  more  common  now  than  formerly, 
and  excite  even  more  astonishment  among  the  ignorant ; 
the  only  difference  being,  that  the  same  phenomena,  which  in 
a  dark  age  were  attributed  to  divination  or  incantation,  now 
assume  the  garb  of  science,  and  are  ascribed  to  magnetism  or 
electricity. 

It  is  unnecessary  to  enter  into  any  lengthened  argument  to 
refute  the  numerous  h3rpothe8es  which  ascribe  these  effects  to 
external  influences.  There  is  no  series  of  well-ascertained  facts 
capable  of  supporting  such  a  doctrine  ;  whereas  it  would  be 
easy  to  prove  that  all  the  phenomena  really  occasioned  depend 
on  suggestive  ideas  communicated  to  the  person  affected.  But 
while  these  theories  scarcely  merit  attention,  the  facts  them- 
selves are  highly  important,  and  demand  the  careful  considera- 
tion of  the  physiologist  and  medical  practitioner.  The  effect  of 
mind  on  the  body  has  from  the  earliest  periods  been  seized  upon 
by  individuals  as  a  ground  for  veneration  or  astonishment.  In 
ancient  times  the  heathen  priests  were  the  physicians,  and  the 
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temples  were  converted  into  so  many  dispensaries,  at  which  the 
sick  applied  for  relief.  In  Catholic  countries,  during  the  middle 
ages,  the  offices  of  priest  and  physician  were  frequently  united 
in  one  person ;  so  that  the  powerful  effects  of  certain  shrines, 
and  the  benefits  of  pilgrimages  in  cases  not  admitting  of  simple 
cure,  met  with  every  encouragement.  From  what  has  preceded, 
it  must  be  allowed  that,  so  far  from  its  being  improbable  that 
real  cures  were  so  effected,  all  that  we  know  of  the  effects  of 
confident  promises  on  the  one  hand,  and  belief  on  the  other, 
render  it  very  likely  that  many  such  occurred.  The  legends  of 
the  saints,  the  history  of  witchcraft,  the  journal  of  Mr  Wesley, 
the  accounts  of  celebrated  pilgrimages,  and  of  the  virtues  of 
particular  shrines,  and  the  writings  of  religious  enthusiasts 
generally,  abound  in  wonderful  cures.  Charms,  amulets,  and 
relics  are  stated  to  have  at  once  banished  all  kinds  of  agony, 
and  removed  numerous  nervous  diseases.  Many  of  these  are 
certainly  incredible,  whilst  others  are  perfectly  conceivable. 
The  benefits  of  the  royal  touch  are  confirmed  by  the  observa- 
tions of  Richard  Wiseman,  and  the  cures  performed  by  Great- 
rakes  are  warranted  by  Robert  Boyle.  In  all  these  cases,  there 
can  be  little  doubt  that  any  benefit  which  did  occur  may  be 
attributed  to  a  strong  belief,  on  the  part  of  the  patient,  in  the 
efficacy  of  the  means  employed.  The  facts  ascertained  in  con- 
nection with  this  subject  open  up  a  wide  field  for  investigation, 
not  only  in  physiology  and  practical  medicine,  but  in  what 
relates  to  evidence  as  it  is  now  received  in  courts  of  law. 

As  regards  the  nature  of  this  condition,  it  seems  analogous  to 
that  of  sleep  or  dreaming,  in  which  certain  faculties  of  the  mind 
are  active,  and  may  be  even  stimulated  into  excessive  action, 
whilst  others  are  suspended.  All  the  phenomena  produced  are 
strictly  analogous  to  what  medical  men  are  acquainted  with  in 
various  morbid  states  ;  and  it  must  now  be  considered  as  well 
established,  that  in  certain  conditions  of  the  nervous  system 
they  may  be  induced  at  will.  This  conclusion,  however,  is 
something  new,  for  it  has  but  recently  been  received  in  physio- 
logy or  pathology,  that  a  condition  of  the  cerebral  functions 
may  be  occasioned  in  apparently  healthy  persons  in  which  sug- 
gestive ideas  are  capable  of  producing  those  phenomena  we  have 
described,  and  which  render  them,  for  the  time,  as  irresponsible 
as  monomaniacs.  Yet  such  is  really  the  fact,  and  once  admitted 
into  physiology,  must  have  an  important  influence  on  the  theory 
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The  process  whereby  the  eoimtleBa  variety  of  organianiB  whii 
constitute  the  vegetAble  and  animnil  worlds  ia  perpetuated 
the  surface  of  the  glube  hits  from  the  earliest  periods  attracted'* 
the  attention  of  physio) ogiets,  uatunUists,  find  phiI(»ophera. 
In  recent  times,  the  excellence  of  the  achromatic  uticroacope 
has  enabled  us  to  peactrate  luuch  further  into  the  mysteiies 
involved  in  reproduction,  and  the  whole  subject "  "" 

vast  extent. 

We  shall  HpeaJc  of  this  funetiou  as  consisting  of  three  kini 
viz. :  first,  Homugeuesis  ;  second,  Partlienogenesis  ;  and 
Heterogenesis. 

IIOUOGENESIS. 
Bj  Homogeaesis  {•^"•t.  lika ;  yt>i'<t,  generation)  ia  to  be  under- 
stood the  production  of  offspring  resembling  in  form  that  of 
their  parents.    This  mode  of  reproduction  is  the  only  one  found 
in  man  and  the  higher  animals.     The  process  may  be 
into  three  stages :  first,  the  proiluction  and  discharge  of 
second,  the  fecundation  of  these  germs  ;  and  third,  the 
which  follow  fecundation. 

The  Production  and  Discharob  op  Germs. 
We  have  seen  that  at  the  earliest  periwl  of  development  i 
all  organised  bein^,  without  exception,  there  ia  formed  a  mole- 
cular blastema  which  originates  a  nucleated  cell  [pp.  45  ti 
Tip  to  the  point  where  sexes  are  manifest,  the  process  of  t\ 
duction  is  identically  the  same  with  that  uf  cell  growth. 
peculiarity  of  the  function  of  generation  in  the  higher 
consists  in  the  superaddition  to  this  process  of  a  particular  ni 
whereby  the  further  development  of  germ-cells  is  occasioued^J 
There  is  a  special  apparatus  in  animals  and   in  plants— 
ovary, — the  function  of  which  is  to  mature  a  germ,  that  fi 
the  time  of  its  first  foi-mation  is  capable  of  becoming  the  r 
meat  or  embryo  of  a  new  being,  and  which  is  often  s 
from  its  parent  in  a  form  altogether  dissimilar  to  that  wbii 
is  ultimately  to  assume.    This  sometimes  tukes  pkc 
at  others  aa  an  egg  ;  and  hence  the  terms  tporvliferoVM  a 
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oviparoua,  as  iliBtioguished  from  viciparoat  TeproductiuD.  The 
more  LeterogeoeouB  a  Btnictiire  becomes, — Uutt  is,  the  more 
difference  is  manifeated  id  the  structure  Bod  propertiea  cf  il« 
sepuate  parts, — the  tegs  title  has  any  oue  to  be  regarded  as  a. 
t>eparot«  individual,  aiuce  it  cauuot  ninintain  aa  mde|>ecideut 
existence,  nor  reproduce  the  entire  structure.  When  au  organiHiu 
merely  conBisla  of  a  multiplication  of  similar  parts,  these  parta 
may  separate,  aud  eoustitute  independent  existences,  as  in  the 
Algn  among  plants,  and  in  the  Protozoa  and  OctleuteratA 
among  auimals.  Wlieu  it  divides  into  a  number  of  parts  this 
haa  beeu  lalled  fittiparovt  generation — a  mode  of  reproduction 
that  never  takes  place  in  the  more  highly  c>rganiRed  beings. 
In  other  cuses,  a  bud  is  formed  on  the  parent  which  mny 
nltinuitely  aeptimte  as  on  iiidcpeudeiit  being.  This  ia  termed 
reprodiictiou  by  gemmation.  These  modes  of  propagation  are 
identical  with  that  of  multiplication  by  cells  alone,  with  this 
difference,  that  at  one  period  groups  of  cells  are  aggregated  and 
united  together,  and  afterwards  separate. 

Germ-cells  are  couatantiy  formijig  and  ripeuing  in  the  ovaries 
of  pl&nte  and  animaK  and  arc  separated  from  them  at  particular 
times.  In  the  separation  of  these  cells,  indeed,  a  tendency  to 
{>eriodicity  is  manifested.  Thus,  plants  flower  at  certain  seasons 
— some  in  xpriug,  others  in  summer,  and  a  third  claas  in  autumn 
or  winter — with  great  reguliiiity.  Tlirotighout  the  whole  rauge 
of  animals  the  aame  thiug  h  obaervablc.  They  all  present  a 
lireeding  period,  at  which  time  alone  ova  are  fully  developed, 
and  capable  of  being  fecundated. 

Phenomena  atlending  I  At  teparatton  of  fferm-etUi  in  plant*  and 
ttiiitiKtU. — The  reproductive  orgaits  of  plants  and  animals  at  this 
time  become  deeattd  in  temperature.  Among  plants,  this  ia  most 
appreci*hle  in  the  Arum  tribe  (Aracea;),  where  male  and  female 
flowers  are  collected  in  great  numbera  on  n  thick  tpadU  or  stalk, 
and  are  enclosed  in  a  ahfsatliiug  bract  termed  a  tpathe.  On  one 
Hocaaion,  Brogniart  observed  that  in  the  Cnlocana  odora  tho 
tempemtuiB  was  8'  above  that  of  the  aurronnding  air.  Thin 
was  UK-reased  in  the  following  day  to  18%  and,  during  the 
eniisaion  of  pollen,  on  the  three  succeeding  days  to  3U°,  afl«r 
which  it  began  to  diminish  with  the  failing  of  the  flower."  In 
animals,  the  same  elevation  of  temperature  has  caused  agri- 
colturiats  to  denominate  thia  senion  the  period  qJ  heat.     It 
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The  process  whereby  the  countlesis  variety  of  or; 
constitut*  the  vegetable  and  oiiinial  worlds  is  perpetnated  t 
the  surface  of  the  globe  hiia  from  tlie  earliest  periods  attracted  ' 
the  sttentioD  of   phy Biologists,  naturaJista,  and  philosophers. 
In  recent  times,   the  eicelleDce  of  the  achroniEitic  microBCope 
has  enabled  us  tci  penetrate  mutrh  further  into  the  myEteriea 
involved  in  reproduction,  and  the  whole  subject  is  now  one  oEI 

We  shall  speak  of  this  function  as  consisting  of  three  kindi 
viz. :  first,  Homogenesis  ;  second,  Partlieuogenesis  j  and  tl  " 
Heterogenesis, 

UOMOQENEStS. 

By  Homogenesis  (t>«ii(,  like  \y»int,  generation)  is  to  be  under- 
stood the  production  of  oiTspriiig  resembling  in  form  that  of 
their  parents.  This  mo<le  of  reproduction  is  the  only  one  found 
in  man  and  the  higher  nuimaJs.  The  process  may  be  divided 
into  three  stages :  first,  the  productiou  and  discharge  of  getroB  J  4 
second,  tlie  fecundation  of  these  germs  ;  and  third,  the  change 
which  follow  fecundation. 

Tub  PnoDncTioN  ahd  DiscoAnoB  op  Oerhs. 
We  have  seen  that  nt  the  earliest  period  of  development  u 
all  organised  beings,  without  exception,  there  is  formed  a  mol»9 
oulnr  blastema  whicli  originates  a  nucleated  cell  (ytp.  45  to  4fl)^ 
Up  to  the  point  where  seies  ore  manifest,  the  process  of  repro- | 
duction  is  identically  the  same  with  that  of  cell  growth.     Tim  J 
peculiarity  of  the  function  of  generation  in  the  higher  orgnnismwi  1 
consists  in  the  superaddition  to  tliis  process  of  a  particular  aoV  ] 
whereby  the  further  development  of  germ-cells  is  occaaioued,  J 
There  is  a  special  apparatus  in  animals  and  in  plants — the-* 
ovary, — the  functbn  of  wliich  is  to  mature  a  germ,  that  from 
the  time  of  its  first  foi'mation  is  capable  of  becoming  the  rudi- 
ment or  embryo  of  a  new  being,  and  which  is  often  separated 
from  its  parent  in  a  form  altogether  dissimilar  to  that  which  it 
is  ultimately  to  assume.    Thia  sometimes  takes  place  as  a  spore, 
at  others  aa  an  egg ;   and  heuce  the  terms  tpotvlifmnu  a&d  < 
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oviparoiu,  bm  diatinguwIieJ  from  viniparovt  reproduction.  The 
more  lieWrugeneoua  a  Htnictiire  becomes, — that  ia,  the  more 
difference  ia  nuinife8l*tl  iu  the  structure  and  prapertiea  of  its 
separate  parts, — the  less  title  has  any  one  to  be  regarded  as  a 
separate  individual,  since  it  caouot  maiutain  an  iudependent 
existeoce,  nor  reproduce  the  entire  structure.  When  an  organiHni 
mereljr  conaistB  of  a  multiplication  of  similar  parts,  these  porta 
may  separate,  and  constitute  iudefieudent  existences,  aa  ia  the 
Algsa  amoDg  plants,  and  in  the  Protozoa  and  Calenterata  • 
among  animals.  When  it  divides  into  a  number  of  parts  this 
has  beeo  called  /litifiaTout  generation — a  mode  of  reproduction 
that  never  takes  phuNj  in  the  more  highly  organised  belDgs. 
In  other  cases,  a  bud  is  form^  on  the  parent  which  may 
ultimately  separate  as  an  independent  being.  This  is  termed 
raproductioQ  by  genmuitUm.  These  modes  of  propagation  are 
identical  with  that  of  multiplication  by  cells  alone,  with  this 
difference,  that  at  one  period  groups  of  cells  are  aggregated  and 
united  together,  and  aft«rwards  separate. 

Germ-cells  are  constantly  forming  and  ripening  in  the  ovaries 
of  plants  and  animals,  and  are  separated  from  them  at  particular 
times.  In  the  separation  of  these  cells,  indeed,  a  tendency  t« 
periodicity  is  mauifested.  Thus,  plants  flower  at  certain  seasons 
— some  in  spring,  others  in  summer,  and  a  third  class  in  autumn 
or  winter — withgr«at  regularity.  Throughout  the  whole  range 
of  animals  the  same  thing  is  observable.  They  all  present  a 
breeding  period,  at  which  time  alone  ora  are  fully  developed, 
and  oapuble  of  being  fecundated. 

PAenomtna  attending  the  tejutratian  of  germ-etUi  in  plantu  and 
animal*. — The  reproductive  orgiuiB  of  plants  and  animals  at  this 
time  become  deetUed  ia  tempenitare.  Among  plants,  this  ia  most 
appreciable  in  the  Arum  tribe  (Araces),  where  male  and  female 
flowers  are  collected  in  great  numbers  on  a  thick  tpadix  or  stalk, 
and  ore  enclosed  in  a  sheathing  bract  termed  a  tpatht.  On  one 
occasion,  firogniart  observed  that  in  the  Colocana  odora  the 
temperature  was  e°  above  that  of  the  surrounding  ' 
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originates  in  tKem  from  eicessiye  congestion  in  the  capillaries 
of  the  part,  causing  great  loi-al  and  more  or  less  general  dis- 
turbance of  the  gyat^m,  the  result  of  an  augmented  nutrition 
in  the  ovarias  necessary  for  the  complete  development  of  tlieova. 
This  ctmgestion  caoses  rupture  of  the  vessels  and  diacbarge  of 
blood,  which  in  the  haman  female,  and  in  a  few  of  the  monkey 
tribes,  cause*  an  eiternal  flow,  known  as  the  mmttrual  JIuid, 
while  the  proceai  in  them  hasreceired  the  name  aimenitntation. 

iitmtraation. — Thia  term  is  applied  to  the  periodical  discharge 
from  the  femaJe  generative  organs  of  a  bloody  Huicl,  It  occnn 
in  most  women  ones  every  four  weeks,  or  once  every  lunar 
month,  hence  the  term  titrnia.  It  ugually  appears  at  a  fixed 
date,  and  coDtinues  from  three  to  seven  days.  There  is  then 
on  interval  of  about  three  weeks  until  it  again  appears  The 
(liscbarge  is  often  accompanied  liy  geaeral  symptoms,  anch  m 
debility,  wearineas,  pain  in  the  back  and  limbs.  It  rarelj 
occurs  in  pregnant  women  or  during  lactation.  The  quantity 
of  fluidvariea  in  different  individuals  and  at  different  ages.  ~ 
esaential  part  of  this  function,  however,  is  not  t~ 
of  a  fluid  externally,  but  the  ripening  and  separatio 
the  ovaries.  Multituiles  of  seeds  and  of  ova  are  formed  in 
manner,  at  regular  periods,  in  plants  and  animaJs,  which  p 
abortive,  and  the  history  of  which  is  identical  with  the  for 
tion,  ripening,  and  disintegration  of  simple  nucleated  cells,  w 
have  no  power  of  reproduction. 

MicrOfiMpic  Charactin  of  Menstrual  Fluid.  - 
chiefly  of  mucus  which  is  coagulated  by  acetic  acid,  fonuing 
molecular  fibres.  There  are  also  blood  corpuscles,  and  epithelial 
cells  derived  from  the  mucous  membrane  of  the  uterus.  It 
cannot  be  distinguished  from  blood  discharged  fn>m  any  other 
mucous  surface,  and  the  amo-uut  of  mucus  usually  prevents  it 
front  apoDtaneoualy  coagulating. 

Scmcltire  of  Iht  Oearia. — These  organs,  two  in  number,  in 
the  human  female,  are  situated  at  the  back  of  the  broad  ligament 
of  the  uterus.  They  measure,  in  the  nnimpreguated  condition, 
one  and  a  half  inches  in  length,  three  quarters  of  an  inch  in 
breadth,  and  nearly  half  an  inch  in  thickness.  They  consist 
essentially  of  a  fibrous  stroma  (Plate  XVII.  fig.  4)  or  network, 
richly  supplied  with  blood-vessels,  enclosed  in  a  tough  capsule 
composed  of  white  and  yellow  fibrous  tissue  {tunica  albuginea^ 
In  the  meshes  of  the  stroma  there  are  developed  certain  celt* 
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termed  Graafian  vesicles,  from  De  Graaf  who  first  described 
them.*  These  appear  first,  according  to  SchrOaf  and  6rtihe4 
near  the  surface  in  the  ovary  of  the  cat  (Plate  XYII.  fig.  4), 
and  may  be  seen  in  great  numbers  in  the  ovary  of  even  a  newly- 
born  female  child.  As  they  increase  in  size,  they  pass  deeper 
into  the  substance  of  the  ovary  (Plate  XYII.  fig.  4),  and  undergo 
development,  as  a  result  of  which  ova  are  formed  in  their  interior, 
in  the  ovary  of  a  female  at  puberty,  or  during  the  child-bearing 
])eriod,  Graafian  vesicles  in  all  stages  of  development  may  be  seen 
(Plate  XVII.  fig.  4).  When  the  ovum  is  fully  develo))ed,  and 
ready  for  extrusion,  the  cavity  of  the  Graafian  vesicle  enlarges, 
by  the  secretion  of  fluid  in  its  interior,  pushes  aside  the  part 
of  the  stroma  between  it  and  the  surface,  and  projects  from 
it  externally. 

Structure  of  the  Graafian  Vesicle  and  Ovum.—'Hh^  manner  in 
which  ova  are  formed  in  the  ovary  has  been  well  studied  by 
Martin  Barry,  who  informs  us  that  qiolecules  and  granules  are 
deposited  in  groups  amoog  the  fibrous  stroma  of  the  organ 
(Plate  XYII.  fig.  4,  a,  and  fig.  5).  Around  a  large  granule 
smaller  ones  are  aggregated,  and  become  surrounded  by  a  mem- 
brane— the  ovUac — so  as  to  form  a  nucleated  cell  containing 
granular  matter  (Figs.  5,  G,  and  7,  a,  6).  This  granular  matter 
now  separates  into  two  portions.  The  inner  forms  a  membrane 
that  immediately  surrounds  the  yolk,  and  from  its  transparent 
api)earauce  has  been  called  the  zona  pellucidu  (Fig.  4).  The 
outer  divides  into  two  layers,  one  of  which,  covering  the  zona 
jjelluci'da,  he  called  the  tunica  granulosa  (Fig.  4,  c)  ;  and  the 
oilier,  which  lines  the  ovisac,  the  membrana  grantUosa  (Fig.  4, 6). 
These  two  membranes  are  united  together  by  four  or  more  bands 
— the  retinacula — having  transparent  fluid  between  them.  In 
the  fully  formed  Graafian  vesicle,  several  of  the  retinacula  dis- 
ap|>ear,  while  those  remaining  become  shortened  and  enlarge  so 
as  to  form  a  disk-shaped  mass  of  granules,  termed  by  Yon  Baer 
the  prolifferous  disk.  (See  Plate  XYII.  ^g,  4,  lower  Graafian 
vesicle. )  The  whole  structure  now  forms  a  vesicle, — ^the  Qraafian 
i-esicUf — and  cousists  externally  of  a  fibrous  or  vascuUr  mem- 
brane, aud  another  inner  one — tlie  ovisac  of  Barry — having  sus- 
]>euded  from  it,  by  the  retinacula,  the  ovum  composed  of  zona 

*  De  Gnuif,  De  muHonim  orguiis  generationi  inaerrlentibus,  1872. 
t  SchrOn,  Zcitachrift  f.  Wissensch  Zoologle,  yol.  xiL  p.  400. 
t  QrQhe,  Virchow's  Archivot,  vol.  xxtL  p.  271;  xxix.  p.  460. 
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red  tkKNigb  UmmUh 
»ofth«4irg>a,tbaaeHiiaat  ad  vaneed  being  near  tkeviibce. 
Towuda  Ibe  mkI  of  «ad  MOBtraal  period,  Micfc  M  are  ripe  bant, 
(rein  tbe  qnaoUtj  of  a&giuiMJeDt  Kram  or  bhnd  wUdi  n  poai«d 
into  then  fnm  the  eitenial  rwcnlar  membraiie,  and  the  onm 
MB^ca  tmu  tbe  •ariace  into  tbe  Gmbrialed  estraiatj  t3t  the 
Palla|riai)  tube,  which  gff  the  ovaty  bj  a  reflex  acttea  in 
ardtr  to  reoiire  it,  and  dinnigh  vhich  it  is  coDvered  to  the 
UtcniiL  Tbe  FsUopian  tube  i^  liaeil  bj  dlia.t«il  (rpithelinni,  and 
the  jitaj  uf  the  dlia  u  i]irect«d  towards  the  nteriu — in  the  right 
FUlupiBii  labe  dowDwarda  from  right  to  left,  and  in  the  left 
one  dowDwarrla  frum  left  to  right  The  otdid,  howerrr,  a  con- 
vey«l  to  tbe  utema,  priacipaUy  bj  the  peristaltic  oontntctitma 
of  tlw  muiCTilnr  coat  of  tbe  tube. 

Corpora  LiUta. — The  cavity  thus  left  in  the  ovary  ia  moat 
frB(|aetit1/ fiUel  with  cnagulat«d  blood,  the  result  of  b»morrlu^ 
from  the  vniicularor  eitemallajercf  the  Graafian  vesicle,  which 
particiiuta  in  the  congestion  occurring  in  all  the  pelvic  organs 
during  the  meuBtnial  period.     Tbb  coagalnm  of  blood  becconea 
gradnally  nlxnrliod,  in  tbe  course  of  which  it  changea  ita  colour, 
anil  njwiimeii  a  yellow  aod  puckered  appearance.     The  cells 
of  tbo  muiubnuie  grauulosa  multiply  and  grow  inwards  npon 
tha  clot,  find  aaaist  materially  in  filling  up  the  cavity." 
this  Btat«  it  lias  been  called  eorput  hiteam  (tbe  yellow  body))   | 
(Plato  XVII.  fig.  n,  iu  which  one  large  recent  eorpju  ItUewa  ia 
Nccn  in  the  centre  of  tbe  figure,  an  older  otie  on  the  right  hand, 
luid  onu  still  oilier  on  thv  left.)    Anil  it  has  been  auppoeed  to 
pruNout  Mich  peculiar  appearances  when  fecundation  has  occurred 
Ha  to  warrant  medical  men  in  asserting  that  pregnancy  bad 
takeii  place — a  gmve  error,  which  modern  acience  liaa  completely  , 
exploded.    Thete  appearances  are  described  as  being, — lit.  An,  J 
irregular  form  in  the  false,  bnt  a  regular  one  in  tbe  true  oorp\tt  \ 
liileiitn;  2d,  An  alwence  of  a  central  cavity  lined  by  n  r 
biiuiB   in    llie   fnl«o,  whilst   in   the   true  there  ai'e  both ;  3d,    ' 
-  Soliiita  ■nil  Orbhc.  O. 
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Absence  of  eonceutric  radii  in  th«  false,  while  in  the  true  they 
are  present ;  Atk,  The  falae  niuy  be  present  in  both  OToriee, 
while  the  true  only  exist  in  one.  All  these  eigna  have  been 
ahewn,  by  numerous  observatiou*,  to  be  in  no  wny  distinctive, 
Tbna,  in  women  who  hnve  never  hod  children,  there  have  been 
found  corpora  luiea  exactly  resembling  those  supposed  to  f otlow 
preguftucy.  In  the  lower  aninuda,  also,  four  or  five  corpora  l\Uft 
have  been  found  in  the  ovaries,  resembling  each  other,  although 
one  foetiiB  only  was  found  in  the  uterus.  It  must  be  masifest 
that  these  ideaa  were  the  result  of  the  notion  that  fecundation 
took  place  in  the  OTury,  which  assuredly  it  never  does.  A  oorput 
lutt«/m  occnrring  after  a  pregnancy,  probably  disappears  less 
rapidly  than  in  the  unimpregnated  condition,  bat  such  ia  the 
only  possible  difference  which  can  exist  in  the  two  states.  That 
it  is  poBsiUe  for  any  physiologist  or  pathologist  to  pronounce 
with  cert-iiuty  between  the  bodies  which  do  or  do  not  coincide 
with  pregnancy,  has  been  demonstnited  in  the  negative  by 
Mventi  remarkable  caseo  which  have  been  raised  in  courts  of 
bw.  The  ovariea  of  females  advanced  in  lite  are  contracted, 
puckered,  and  indurated  in  consequence  of  the  uumeroua  cica- 
trices that  this  procesa  haa  produced  in  their  texture. 

Puberty. — The  capability  for  procreation  nuirka  a  peculiar 
period  of  life,  which  has  been  called  puberty,  on  account  of 
the  development  the  pubea  then  undergoes.  In  woman,  thia 
generally  occurs  between  the  thirteenth  and  sixteenth  year, 
but  is  earlier  in  warm  climates,  and  later  in  cold  ones.  It  has 
also  been  observed  to  be  earlier  in  manufacturing  towns  than 
in  thinly-peopled  districts.  Mentftl  and  bodily  habiu  exercise 
an  influence  ;  girls  accustomed  to  luxury  and  iudulgence  under- 
going this  change  earlier  than  those  reared  iu  hardihood  and 
self-deniaL  At  this  time  those  general  and  local  diauges  occur 
which  distinguish  the  adult  woman  :  the  mammary  glands 
enlarge ;  a  deposition  of  fat  takes  place  in  the  cellular  tissue 
of  the  skin,  which  gives  to  the  female  form  its  roundnea*  uid 
fuluees  ;  and  the  menstrual  fluid,  the  most  unequivocal  sign  of 
puberty,  commences  to  flow.  In  man,  puberty  is  marked  by 
the  low  and  rough  voice — from  the  enlargement  of  the  larynx 
by  the  development  of  the  thyroij  cartilage  to  form  the  Pommn 
Adami,  and  consequent  elongation  of  the  vocal  cords ;  by  the 
growth  of  hair  on  the  chin,  upper  lips,  and  cheeks,  as  well  as 
over  the  body  and  limbs  ;   the  greater  physical  power  and 
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activity,  as  compared  with  the  female  ;  the  capahility  of  endnr- 
ing  more  fatigue  ;  and  a  larger  amount  of  courage  and  daring. 
The  capability  of  reproUuction  ceaBCa  in  the  woman,  along  with 
the  function  of  menstruation,  betweeu  the  foi-ty-fifth  and  fiftietli  ■ 
year  ;  but  in  man  the  term  i»  indelimte,  and  virde  power  n 
continue  even  in  rery  old  met). 

Fkcundatios  of  Germs. 

The  germ-cells,  prepared   and  formed  in   the   ovaries, 
discharged  troin  those  organs  at  each  menstrua!  period,  and 
would  be  eicreted  from  the  economy  without  lieing  further  J 
developed,  unless  they  encountered  vibratile  particles  for 
in  another  organ. 

Fecundation  in  plant$. — In  phanerogamous  plants,  the  pollc 
folk  upon  the  stigma,  which  is  usually  covered  with  a  viscid 
in8tt«r.  Minute  tubes  grow  from  the  pollen,  and  pass  down- 
wards through  the  loose  tissue  of  the  style,  until  they  reach 
the  ovule  at  ita  base.  The  tube  tben  passes  thi'OUgh  the 
micropyle  of  the  ovule,  and  reaeliea  the  embryonal  sac,  and  tie 
contact  of  the  material  in  the  pollen  tube,  with  the  embryonal 
or  germiual  cells  constitutes  the  real  act  of  fecundation.  Of 
the  nature  of  the  stimulus  so  imported,  we  know  nothing ;  but 
the  fact  is  well  established  in  science  that  no  ovule  can  fumiali 
productive  seeds  unless  the  pollen  hits  had  access  \o  it. 
Fecundation  in  many  cryptogamous  plants,  is  essentially  of  tlie 
same  nature — the  union  of  male  and  female  elements  produued  i 
by  special  organs. 

Orgatu  of  fecundation  ill  animal 4. — In  all  animala  in  wlii^l 
ova  are  formed  the  same  union  of  male  and  female  elemeut«'V 
tAkes  place.    Two  sets  of  organs  analogous  to  those  in  plantC'4 
are  found.     In  some  creatures,  as  in  certAiu  Mollusca,  these 
are  associated  in  one  individual ;  but  in  all  the  vertebi'ate  tribee 
they  exist  in  different  individuals,  mole  and  female.     The 
former  is  furnished  with  organs  called  the  tutes,  which  secrete 
the  spermatic  or  seminal  fluid  ;  the  latter,  with  ovaries  which 
have  been  already  descrilied  (p.  374).    The  testea  contain  minate 
bodies,  paasesaed  of  independent  motion,  which  they  retain  for 
several  days  after  they  have  been  excreted.     In  them  the 
fecuudating  power  reiides,  for  it  is  only  when  these  come  ia 
coutact  with  the  ova  discharged  from  the  ovary  of  the  female 
that  the  latter  are  ever  dcvelojjed  iuto  distiuct  living  betn^    ' 
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From  this  moment  that  series  of  changes  commences  in  the 
ovum  whereby  an  embryo  is  formed.  For  this  purpose,  how- 
ever, various  circumstances  are  necessary,  especially  a  fitting 
locality,  proper  temperature,  moisture,  &c.  Seeds  which  have 
been  impregnated  retain  the  power  of  growth,  or  what  some 
call  dormant  vitality,  for  many  years  ;  and  when  at  length 
placed  in  favourable  circumstances,  they  develop  themselves. 
Generally  speaking,  instinct  guides  the  lower  tribes  of  animals 
to  deposit  their  eggs  in  appropriate  localities  ;  and  the  extra- 
ordinary variety  of  such  positions  selected  by  insects,  fishes, 
and  reptiles,  has  furnished  a  curious  subject  of  observation  for 
the  naturalist.  In  most  birds,  the  fecundated  ova  are  hatched 
by  the  mother,  who  elevates  them  to  a  proper  temperature 
by  the  heat  of  her  own  body.  In  mammiferous  animals, 
fecundated  ova  are  retained  in  an  organ — the  uterus — which  is 
provided  for  their  reception,  where  they  grow  and  become 
developed  ;  and  when  at  length  they  are  capable  of  supporting 
an  independent  existence,  they  are  excreted  or  parted  from 
the  body  of  the  parent  by  tlie  process  of  parturition. 

Structure  of  the  testes, — ^Tliese  organs  are  of  an  oval  form, 
and  consist  of  a  body  (Plate  XVII.  fig.  1,  a,  t,  6,)  and  an 
elongated  structure  placed  behind  it  called  the  epididymis 
(Fig.  1,  d,  e,  g).  The  upper  extremity  of  the  epididymis  is 
known  as  the  globus  major  (Fig.  1,  d),  while  the  lower  is 
the  globus  minor  (Fig.  1,  g).  The  gland  has  a  tough  fibrous 
tunic,  the  tunica  albuginea  (Fig.  1,  i),  which  is  projected  in- 
wards so  as  to  form  a  prominence  called  the  corpus  Highmo- 
rianumy  or  mediastinum  testis  (Fig.  1,  c,/).  Numerous  bands  of 
connective  tissue  pass  from  the  corpus  Jlighmorianum  to  the 
capsule  of  the  gland,  thus  dividing  it  into  a  number  of  com- 
[)urtments,  in  which  lie  the  essential  structure  of  the  testicle, 
the  tubuli  seminiferi.  These  tubuli,  originating  by  blind  ex- 
tremities at  the  surface  of  the  gland,  are  at  first  much  convoluted, 
but  after  passing  inwards  become  straight,  forming  the  vasa 
recta  (Fig*  1,  6,  s).  The  vasa  recta  unite  with  each  other  in  the 
substance  of  the  corpus  Ilighmxmanum,  and  thus  form  a  plexus 
called  the  rete  testis  (Fig.  1,  c).  A  number  of  ducts,  the  vasa 
eferentia  (Fig.  1,  c^),  pass  from  the  rete  testis,  and  become 
convoluted,  forming  a  series  of  cones,  the  apices  of  which  are 
directed  towards  the  rete  testis.  These  cones  are  called  the  coni 
vasculosi  (Fig.  l,d),  and  they  constitute  the  chief  portion  of  the 
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fflobut  major  of  the  epidiiijmia.  The  epidiilymia  ia  fonned 
the  windings  of  a  duct  or  ducts  derived  from  the  eoni  vateuloH^ 
and  at  length  the  duct  issues  from  the  vicinity  of  the  globus 
Minor,  under  the  nnme  of  ras  deftreiu  (Fig.  1,  g,  A).  This  dnct 
poBses  behind  tlie  bladder,  uniting  with  the  duct  of  the  vetietda 
teminalei.  These  Teeicutte  axe  receptacles  for  the  storing  up  of 
semen,  where  it  is  probably  mixed  with  mucus.  The  duct 
formed  by  the  confluence  of  the  vat  d^eretia  with  the  diict  oi 
the  vaicKia  tnninala  ia  called  the  common  ^acidatory  duct,  and 
opens  into  the  prostatic  portion  of  the  nrethra  iu  a  BUiall  foBH< 
or  depression,  the  tinia  pocularit.  The  testicle  is  thus  mnrntinH; 
a  tubular  gland.  The  leugtb  of  the  tubulnr  structore 
has  been  estimated  (Lauth)  at  1800  feet.  The  appearance 
one  of  the  tahuli  semiuiferi,  seeu  under  a  high  power,  is 
eented  iu  Flat«  XYIL  fig.  2.  It  conaiste  of  a  strong  basement 
merobrane  lined  -with  epithelium,  and  containing  molecular 
matter,  and  large  cells  in  which  the  spermatozoids  are  developed. 
At  certain  periods  few  hf  those  large  cells  are  seen,  the  tuboli 
containing  chiefly  molecular  matter ;  at  other  times  they  abound  ij 
and  contain  one  or  more  apermatozoida  coiled  up  iu  their  in- 
terior.   (Pkte  XVII.  fig.  3,  i.) 

Sptrmatotoidi.—'ni.e  form  of  the  vibrattte  seminal  parUds 
variea  in  different  animals.  Various  forms  are  shewn  in  Plat* 
XVII.  flg.  3  (see  description  of  plate).  In  mammals  generallT', 
it  has  a  round  or  ovnl  extremity,  a  ao-called  Tiead,  aud  a  filiform 
appendage  called  a  tail,  and  varies  in  length  from  the  100th  to 
the  500th  of  an  inch  (Plate  XVII.  fig  3,  o  to  g).  In  birds,, 
the  thick  extremity  is  more  tapering,  and  the  whole  is  of 
a  spiral  form  (Fig.  3,  J'to  1-f.  In  certain  reptiles  and  fishes, 
the  filament  is  much  longer,  and  thickest  in  the  middle,  tapering 
at  both  extremities,  having  occasionally  a  delicate  continuation 
wound  apirally  round  the  thicker  portion  (Fig.  3,  affi^.  ~lS 
some  inaecta  and  Crustacea,  they  present  curious  irregular  fonns, 
without  a  filaweut,  and  are  immoveable  (Lower  part  of  Fig.  3). 
In  the  vast  majority  of  cases,  however,  they  poeaees  activ« 
contractile  movements.  In  mammals  eapecially,  when  watching 
these  under  the  microscope,  it  is  difficult  to  divest  oneself  of  ths 
idea  that  they  are  auimolculea,  oa  they  progress  through  tho 
fluid  with  the  heads  forward,  propelled  by  continued  vibratOfl' 
lashings  of  the  taiL  The  notion  put  forth  by  some  ob 
that  they  pOBsess  internal  organs,  we  have  never,  after 
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research,  been  able  to  confirm ;  and  the  circunatauce  tliat  siniiUr 
Btructurea,  with  like  movemeuts,  ezut  in  the  re|)nxluctive  orgnOB 
of  many  plants,  negntivea  the  idea  of  thi-ir  being  iliirtJnct  niii- 
maJculeB.  Hence,  matea(lo(f^mia(o;oa,the  term  itptmatai:oidt 
ia  more  applicable  to  them. 

Mode  of  feeundatinn. — The  mode  of  fecnniiation  varies  in 
different  antmala.  In  aome  mollnscoua  tribva,  and  iu  moat 
plants,  maJe  and  female  organs  are  uiiited  in  the  aame  indi- 
vidual. Such  an  auimal  ot  pliint  ia  eiu  hrrmaphrodUt,  and 
ia  usually  self-impregnated.  In  fiahes,  the  female  aheda  its 
■pawn,  and  the  male,  swimming  over  it,  epriukles  the  sper- 
matic fluid  on  the  ova,  and  at  certain  Beasons  may  be  observed 
to  follow  her  for  that  purpose.  In  the  higher  animals,  union  of 
the  aexw  takes  place  far  the  same  end.  In  reptiles,  eapedatly 
in  the  frog  and  toad,  the  male  clings  to  the  back  of  the  female, 
and  aheda  the  semen  over  the  ova  immediately  after  they  have 
left  the  cloaca.  Iu  birds  and  mammnlH,  it  is  neceaanry  that  tfae 
■pennatic  fluid  be  deposited  in  the  body  of  the  female  by  the 
iutromiaaion  of  the  male  organ.  From  the  circumstance  that 
fecundation  may  take  place  in  fishes  and  reptiles,  oa  in  plants, 
by  nmply  sprinkling  the  male  element  over  the  female  ova,  has 
originated  the  modem  practice  of  artificial  impregnation.  In 
the  aame  ■way  that  horticulturisto  can  multiply  varieties,  and 
even  fertilise  plants  with  pollen  received  from  a  distance ;  to, 
by  sprinkling  the  fluid  from  the  milts  of  male  fiahes  over  tliu 
innamerable  ova  which  may  bo  squeezed  from  the  roe  of  the 
female,  they  may  be  fecundated,  preserved,and  reared  in  artificial 
ponds.  At  this  moment,  many  of  the  rivers  and  lakes  of  France, 
Scotland,  and  Australia  are  being  stored  with  large  aeceaaious 
of  valuable  fish  so  raised,  in  order  to  increase  the  amount  of  food 
for  the  people. 

For  a  long  time  it  was  supposed  that  the  mere  contact  of  the 
vibratile  spermatozoida  with  the  ova  was  all  that  was  ueoesaary 
to  produce  fecun<lation  ;  but  it  was  lirat  shewn  by  Martin 
Barry,  and  lias  been  aubsequeiitly  confirmed  by  many  other 
physiologists,  that  the  ipermatosoiti  acltiallif  find»  it*  iniy  into 
tkt  ovum  by  a  minule  aperture,  ao  that  tbe  male  and  female 
elements  ultimately  blend  or  melt  into  one  another.  (8«u  de- 
scription of  the  development  of  the  A»oiiru  J/i/tlax,  p.  480 
This  fact  may  now  be  considered  well  established,  and  serves 
a  Gxpliun  many  cii'cumstauces  long  known  as  to  the  rcsem- 
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lilances  which  exist  in  feature  aud  in  qunUties,  meotol 
iKidily,  between  parents  and  their  otfapring.  Thus  it  has  loi  _ 
been  a  matter  of  populiu'  obserration,  that  tlie  child,  in  all  thaf 
rckt«B  to  the  outvard  form,  the  gait  and  manners,  takes  after 
the  father ;  while  as  regards  the  sub,  int«Mial  qualities  tmd 
diapodtioDi,  the  mother  predominates.  Not,  however,  that  tlie 
male  is  wholly  without  influence  on  the  internal  orgiiua  and 
vital  functionB,  or  the  female  wholly  without  influence  on  the 
external  organs  and  locomotive  powers  of  their  oflspring.  The 
law  is  only  general,  although  it  holds  vei-y  exteiisi\'ely  among, 
cattle,  as  shewn  by  Mr  Orton  and  Dr  A.  Harvey.  Such 
seem  in  their  turn  to  be  accounted  for  by  the  circumslAnce 
the  Hpermatozoi<l  enters  and  melts  down  in  the  external 
of  the  yolk  of  the  egg, — that  is,  in  connection  with  those  layew 
of  the  germinal  membrane  which,  as  we  shall  Bubsequently  see, 
form  the  nervous  system  and  muscles ;  whereas  the  glands  and 
internal  organs  are  formed  from  the  mucous  layer,  which 
ihat  [lart  of  the  membrtme  furthest  removed  from  the  action 
the  male  element. 
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Ckasobs  in  the  Ovum  which  follow  Fbcubdation. 
We  have  seen  tlutt  ova  are  formed  and  discharged  from  the 
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ovary  at  reguhir  intervals  by  the  adult  female,  but'that  it  is 
only  wheu  tlie  spermatozoid  eotera  them  that  fecundation  ia 
produced.     At  that  period  the  ovum  preseuls  the  characters  of 
a  nucleated  cell, — the  tona  peflucida  being  the  cell-waJl , 
gemunal  vttide  being  the  nucleus  ;    the  gmninal  »pot 
nucleolus ;  while  the  fluid  between  theni  is  opaque  and  granular, 
and  caUed  the  vtidhu,  or  yolk  (Plate  XVII.  figs.  4  and     "' 
The  size  and  relative  amount  of  these  three  pirts  of  each 
vary  iu  different  auimals,  but  they  are  present  in  al 
fecundation  does  not  take  place,  the  omm  degeuerates,  breaks' 
down,  and  is  ultitoately  excreted  in  the  mucous  discharge  from 
the  eaterual  passages.     But  if  it  encounter  the  e|>ennatO£oidB, 
and  one  or  more  penetrate  it,  then  those  changes 
which  terminate  in  the  formation  of  an  embryo.    (See 
XVII.  figs.   14,  15,  18,  10,  and  20,  representing  ova 
spermatoEoida  iu  the  interior.)     These  changes  have  uow 
followed  in   numerous  fmimnia,  aud   the   principal   efforts 
Koologisls  are  at  present  directed  lo  the  elucidation  of 
tranatormations  which  take  place  at  an  early  period  in  livio||. 
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beings  ;  bo  tb&t  the  whole  subject  is  not  only  very  eTt^nsive, 
but  ia  coQstantlj  acquiring  sew  facts.  Tlie  study  of  human 
embiyologf  ia  incomplete,  for,  although  an  ovum  has  been 
twice  discovered  after  death  in  the  Fallopian  tabe  of  wonuui 
(Lethebj),*  it  has  never  been  seen  at  that  period  when  it  eoteni 
the  Qt«rus.  In  the  dog,  mbbit,  sheep,  and  other  mamitiala, 
however,  the  various  transformation b  have  been  very  carefully 
deacribed  ;  and,  as  it  ia  certain  that  the  same  essential  mode  of 
development  occurs  in  them  as  in  man,  the  changes  observed 
in  the  <Iog,  according  to  BischofT,  will  be  selected  as  a  type  of 
what  takes  place  in  the  impregnated  ovum  of  the  higher  animals. 
(Plate  XVII.  figs.  12-24,  and  Plate  XVIII.) 

When  the  ovum  leaves  the  Graafian  vesicle,  there  is  adherent 
to  it  ext«nuUly  a  greater  or  less  number  of  the  cells  which  form 
the  grannlar  membmne.  On  remcvbg  these  artificially,  the 
uvnm  presents  the  appearance  figured  in  Plate  XVII.  fig.  ]2, 
when  magnifieii  fifty  diameters  liucnr.  It  is  composed  of  u 
dark,  opaque  yolk,  surrounded  by  the  zona  pdlaeida,  or  vitetliue 
membrane.  On  cracking  this  ovum  between  two  glasses,  or  on 
tearing  it  with  a  ueodic,  the  granular  yolk  flows  out,  and  the 
germinal  vesicle  escapes,  as  iu  Fig.  13,  a.  If  such  as  ovum 
encounter  spermatozoids,  the  changes  Bubsequently  represented 
take  place.  One  or  more  cuter  the  ovum,  when  they  and  llic 
germinal  vesicle  are  dissolved  iu  the  yolk, — a  circumstance  t'l 
which  the  whole  structure  is  indebted  for  its  continuance  and 
for  its  power  of,  as  well  as  direction  in,  development. 

Denrlopment  of  the  Einbiyo. 
The  first  change  observable  after  fecundation  is  that  the 
granular  yolk  begins  to  separate  into  two  parts,— a. process 
Bocomplished  by  the  spoutaueoos  aggregaliuu  of  the  molecules 
of  which  it  is  composed  into  two  masses  instead  of  one.  (See 
page  39  and  fig.  14.)  Each  of  these  two  subdivide,  producing 
four  (Fig.  15);  each  of  these  into  other  two  (Fig.  18);  and  bo 
on,  until  at  length  the  whole  is  reduced  into  a  mass  of  molecular 
corpuscles  (Figs.  19  and  20),  having  a  clear  space  or  nucleus  in 
their  centres;,  and  subsequently  distinct  cell-walls  (Fig.  21), 
Theoe  corpuscles  next  arrange  lliemselveE  iu  a  layer  eitenuUly, 
immediately  lining  the  tona  pellucida,  so  as  to  form  a  mem- 
braue,  whicli  is  called  the ^(rminol  memOrane  (Fig.  17),  .At  one 
■  Ph11o*a[>falal  nuiMCtiaiu.    IBSS. 
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part  of  this,  it  -will  be  observed  that  the  cells  collect  in  IaTger| 
numbers,  nut]  a,re  cloeelj  packed  together,  forming  the  gertnuuA' 
area,  where  the  embrj-o  firat  appear.  The  lyram  has  dow  entered' 
the  ut«rua,  and  its  appearance  at  this  perioJ,  magnified  t^ 
times,  is  represented  in  Fig.  16.  Bj  cutting  or  tearing  out  tin 
portion  of  tiie  germinal  membrane  which  eontaina  the  gennuuil 
area,  otid  magnifying  it,  the  sabaequent  changes  it  nndergocs 
can  be  well  studied.  The  germinal  ai'ea  now  enlarges ;  at  first 
round  (Fig.  22),  it  becomes  oval  (Fig.  23),  and  then  there 
appears  in  it  a  clear  8pace,^the  area  pelfii^da  (Fig.  24,  e). 
At  the  same  time,  the  germinal  membrane  becomes  thicker,  and 
is  now  divisible  into  two  layers,— an  upper  or  outer,  called  the 
leroiu  or  aniiniil,  from  which  the  epiJermis  and  cerebrospinal 
sfHtem  are  developed ;  and  an  under  or  internal,  called 
ntJiaiiu  or  vegetative  ta^er,yibich  ultimately  forms  the  epithelil 
of  the  alimentary  canal  and  its  appendages. 

The  future  changes  in   the   embryo   may  be  observed 
watching  the  changes  in  these  two  layers,  and  of  another  thftt 
afterwards  forms  between  them  in  the  germinal  area,  called  the 
intermediate  or  vcuailar  layer,  from  which  are  developed  all 
the  structures  between  the  epidermis,  on  the  one  hand,  and 
epithelium  of  the  alimentary  canal  and  appendagea,  < 
In  the  centre  of  the  enlarged  germinal  area  there  now  f( 
a  groove  or  channel,  the  primUive  grooat,  by  an  elevation 
each  side  of  the  serous  layer  of  the  germinal  membrane 
24,  e).     This  groove  enlargee  anteriorly,  and  tapere  to  a  point 
posteriorly  (Plate  XVIU.  fig.  1),  and  ultimately  becomes  cloaed, 
by  its  sides, — lamiiue  dortalu, — passing  over  it  and  uniting,  ao 
as  to  form  a  tube.     In  the  door  of  this  tube,  the  embryo 
and  spinal  cord  are  diiferentiated  in  a  way  to  be  aftei 
described.     This  tube  is  the  cerebro-spinal  canal.     Undemi 
the  canal  there  appears  at  a  very  early  period  a  dense  Bub^ 
stance  caUed  the  chorda  dortalu,  a  structure  represented  in  the 
adult  chiefly  by  the  inturvertebral  discs.     From  the  chorda 
dor»alU,aatro!Uf,  centre,  two  lamiute  pass  upwards, — th«donal_ 
lamina:,  already   referred  to  ;  wtile  two,  the   veiUral 
pass  downwards,  and  meeting  below,  complete  the  body  of 
embryo  (Figs.  1,  3,  and  4).     A  linear  ma;ss  of  square-shk] 
cells  forma  ou  each  side  of  the  chorda   dorsalU,  the 
primilive  vertehnt,  from  which  are  formed  the  vertebral  coll 
and  certain  other  parts  (Plate  XVIII.  figs.  3  and  4), 
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The  embryo  is  now  raised  prominently  upwards  nbove  the 
seroua  layer  (Fig.  2,  which  shcwa  a  lateral  view  of  the  embryo). 
Mid  between  it  and  the  mucous  layer  auotlier  maaa  of  cella 
is  formed  which  conatitutea  the  third  or  mucslar  la^rr,  above 
described.  Hero  blood-vessels  are  developed  from  large  trian- 
gular cells,  BO  na  tn  form  a  plexus  (Plate  XYIII.  figs.  3  and 
4)  which  umi«e  with  tlie  embryo  heart  and  aorta  (Figs.  5  anil 
6).  Thus  a  circulation  is  established,  esteoding  over  the  entire 
rum,  with  tlie  eieeption  of  its  two  poles  (Fig.  7).  The  embryo 
%  now  raised  still  further  above  the  surface  of  the  germinal 
membrane,  while  the  duplications  and  re-d  11  plications  of  its 
three  layers,  which  arc  constantly  receiving  thickness  by  cell 

I  growth,  gradually  produce  the  vurioUs  organs  and  textures  of 
the  body.  Three  vesicleii  or  sacs  are  formed  in  connection 
with  these  Inyent, — the  avntioa,  or  amnion  (from  ■*••«,  a  sheep, 
because  first  observed  in  that  animal),  witb  the  strous  ;  the 
aUaiUoi*  (itui't,  ii;i).i<r<(,  a  sauso^  ;  t^'i,  shape)  with  the 
vaaoular ;  and  the  vmhUicai  (umbiliGiu,  the  navel)  with  the 
mucous  layer. 

The  ujiper  or  serous  layer  of  the  germinal  membrane  may 
be  observed  from  an  early  period  to  be  reflected  backwards, 
from  before  backwards,  and  laterally,  so  ub  gradually  to  iui-lusa 
the  embryo  in  a  sac  (Figs.  3  and  &),  This  reflexion  is  at  6rvt 
double,  but  after  it  closes  over  the  Lack  of  the  embryo,  the  two 
layera  separate  from  each  other,  the  outer  poasing  outwai'ds  to 
be  incorporated  with  the  zona  pfUucitla,  while  the  inner  forma 
a  Boc,  in  which  the  embryo  is  auspeuded.  (Fig.  7).  It  is  the 
UMoruninioticAic.  From  the  lower  portion  of  the  abdominal 
groove,  and  at  the  inferior  extremity  of  the  embryo,  a  awoUiog 

I    may  now  be  observed  (Fig«.  10,  1 1,  bti).     This  rapidly  enlarges, 

I  and,  at  first  open  iu  the  middle  (Fig.  IS,  a),  coalesces  to  form 
another  eac,  nhich  hangs  out  of  the  lower  portion  of  the  abdo- 

I  ninal  opening.  It  is  the  ailanloii,  a  sac  communicating  poate- 
'arly  with  the  alimentary  canal  and  the  ducts  of  the  Wolffiau 

'   bodiesorprimitive  kidneys, the  ureteni,  FaUopiantubesand  tnua 

1  tiffrrtiUia.  This  sac  is  seen  at  the  lower  part  of  fig.  10.  About 
lame  time  the  middle  layer  of  the  germinal  membrane,  the 
raeoular,  spiita  into  two  layers,  the  inner  one  of  which,  cuttlesctng 
with  the  mucous  layer,  forms  the  alimentary  canal,  while  the 
outer  is  differentiated  boos  to  form  the  muscles  of  the  trunk  oocl 

\  abdomen.    The  space  left  by  the  divergence  of  these  layers  of 
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I  represented  in  the  adult  b;  tha 
As  the  ventral  lamicra,  alreadj 
scribed,  meet  in  the  middle  line  of  the  nbdomen,  part  of  thai 
inferior  or  macoua  layer  becomes  more  or  less  coDBtricted  by  ^1 
closure  of  the  lojniiin  bo  as  to  form  a  third  sac  or  vesicle 
the  umbUical  «ic.  This  sac  is  therefore  the  portion  c 
mncous  layer  left  outside  the  body  of  the  embryo — the  portion 
within  the  cavity  of  the  embryo  becoming  the  alimentary  ciinftl. 
The  outer  (umbilical  sac)  is  comiected  with  the  inlemal  part  by 
a  peilicle  or  duct.  The  mode  of  foimation  and  relation  of  thi 
three  sacs  will  be  better  underHtood  from  the  diagram  seen 
Plate  XVm.  fig.  9,  in  which  o  is  the  back  of  the  embrj< 
amnios ;  e  the  umbilical  vesicle  connected  with  the  embryo  bj. 
pedicle,  d  ;  and  e  is  the  allautoia  growing  backwards  and  doi 
wardf^  and  continuous  with  the  vascular  layer  by  a  pedicle  /,■ 

The  (unctions  of  these  sacs  may  be  briefly  stated  to  be 
follows.     The  nmbilical  vesicle,  coutaining  part  of  the  yolk, 
for  the  uourishment  of  the  eiirly  fretus.    The  allantois  brinfp 
the  blood  of  the  fmtua  into  relation  with  the  surrounding  media 
for  the  purposes  of  nutrition  and  respiration.     It  is  seldom  of 
Urge  sixeiu  mammalia,  because  it  is  soon  supplanted  by  anol 
Di^OD,  tAe  ptacetila,  into  the  structure  of  which  it  enters, 
amnios  secretes  a  fluid,  termed  amniotic  fluid,  in  which 
fcetiis  floats,  and  by  its  reflections  it  permits  the  allaMoi*  to 
outwards  so  aa  to  contribute  to  the  formation  of  the  placenta.. 

Deedopmtnt  of  the  Chorion. — While  the  ovum  is  very 
its  outer  surface  becomes  shnggy  from  the  appearance  of 
rouB  villi.  These  villi,  at  iirst  simple,  soon  become  brand 
by  lateral  processes  passing  from  tliem  (Plate  XVLU.  fig.  \] 
This  villous  covering  is  the  chorion. 

Vevetopinml  of  Special  Organs  in  lAe  Emhryo} 
Developmtnt  of  the  ttdeton. — Immediately  below  the  primiti< 
cerebro-Bpinal  csmal  there  appears   in   the  middle  o 
layer,  a  structure  termed  the  chorda  dorndit,  or  notochoi 
consisting  of  large  cells,  surrounded  by  a  thin  sheath. 
the  same  time,  small  square-shaped  masses  are  to  be  i 
each  side   of  the  clurrda   domalis  (Plate   XVIIL  figa.   1, 
Tliese  are  the  primordial  vtrltbriE,  and  each  pair  is  ulti 
■  For  Inrther  deulli  ntonncc  la  nude  to  vorka  spediiUy  dcvoMd  te 
Jtvt.    Ste  tiio  dociipUon  of  PLiun  XVll.  uid  XVIIl. 
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developed  by  differentiation  into  the  osseouH  iwd  cartilagtuouH 
portiuna  of  u  perinancnt  veiiebr^,  the  hrad  of  a  rib,  tlie  central 
partd  of  a  apuial  system  of  nervea,  and  the  i-utaneoUB  and  n 
cuIat  portA  cuveriug  the  liook.*'  DuriDg  this  process  of  develop- 
ment, the  chorda  dormlit  becomes  constricted,  and  ultimately 
portions  of  it  form  the  centres  of  the  bodies  of  the  permanent 
\-ertebrjB,  while  other  portions  are  peraistont  in  the  intervertebnd 
disks.     Thus  the  vertebral  column  is  formed. 

DtsdopmtjU  of  tht  thilf. — At  a  very  early  period  of  fmtnl 
life,  two  curvatures  are  to  be  observed  nem-  the  anterior  ex- 
tremity of  tha  embryo,  one  at  the  point  corresponding  to  the 
junction  of  the  vert«l)ral  column  with  the  skull,  and  the  other 
opposite  to  the  second  cerebral  vesicle.  Behind  tiie  latter  ci 
ture,  tlie  donal  plat«8  bend  downwards  and  unite  inferiorly,  so 
M  to  form  four  arches,  behind  each  of  which  tbere  is  a  cl^t  or 
fissure,  termed  a  brancitial  dtjl  (Plate  XVIII.  fig.  14,  d,/). 
The  posterior  |ii<rt  of  the  first  cleft  remains  open  in  the  fully 
dttveliiiwd  fiutus  08  the  external  apei-tnre  of  the  car,  the  cavity 
of  the  tyn))iannm,  ami  the  Euatacbian  tube,  while  its  anterior 
part,  along  with  all  the  other  defte,  are  ultimately  obliterated. 
We  have  now  to  consider,  lirat,  the  development  of  the  ci 
and  second,  tliat  <if  the  face. 

I.  TAe  (VtTti'um. — The  thorda  dortalit  terminates  at  the 
posterior  part  of  the  itlla  lurcita,  the  fossa  in  the  Iwuse  of 
the  dcull  for  the  reception  of  the  pituiuiry  body.  In  front 
of  this  point,  two  thick  bars  of  cartilage,  sepsrated  by  a  tiiinner 
portion  between  them,  paaa  forwards,  and  nuit«  in  front  of  the 
etiimoidal  region.  These  have  been  termed  the  lateral  Irabeeula 
of  Kathke,  The  whole  of  tlie  base  of  the  skull  is  now  cartiU- 
ginnUB,  while  tlie  vault  of  the  cranium  is  membranous.  The 
oartikginous  portion  ossifies  and  differcntial«8  into  the  occipital 
bone  below  ita  protulierance,  the  petrous  and  maatoid  portions 
of  tlio  temporal,  the  spheiioi<l  an<l  ethmoid ;  while  the  membranous 
portion  becomes  tlie  parietal,  frontal,  upper  part  of  the  occipital, 
ftud  the  B(|iiftmoUB  [Hirtion  of  the  tempomL  The  vomer  and 
perpendicular  plate  of  the  ethmoid  are  developed  from  a  vertical 
proows  of  cartilage  passing  forward  from  the  neighbourhood  of 

•  l)usln'*  "eirmEnt4  at  AnUoin]-,"  IWI,  p.  10:  OoodiJt't  "Aulondc*!  Vt- 
tnoln.  Uu  l)i«  UurphaloKlnl  ConitituUgn  -of  the  Skctet-oi  of  tbc  V<rl<brBt« 
Bwd,"  ml.  U„  p,  SO,  t  HI. 
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u  of  the  cliorda  doranUs,  called  the 


cartilage.* 

2.  The  foe*. — The  boDM  af  the  face  are  all  originally  cartila- 
(jiiioas,  and  are  developed  its  follows :   A  prov««B  passes  from 
the  upper  or  first  viaeeral  arch  forwards  beueath  the  eye,  and 
furms  the  sides  of  the  face,  namely,  the  superior  maxilUry  and 
inalar  boaa  (Plate  XVIIL  tig.   14,  e).      Cuiucident  with  t 
development  of  the  two  procewtea  just  deacribed,  Another  fl 
*««•,  railed  the  ndddlt  frontal  proaa,  piaaes  down  from  t 
anterior   extremity  of  the  ethmo- vomerine  cartilage  betwi 
them,  and  becomes  the  none  and  middle  part  of  the  apper  G; 
The  lower  part  of  this  procew  bears  the  upper  JDcisor  teeth, 
juan  it  i£  blended,  eveu  at  a  very  early  period  of  fcetid  exist^nu^, 
with  the  euperior  maxUlari/  proi-esa  ;  but  in  all  other  n 
it  remains  separate  as  the  adermaxmary  or  premaxiUwry  b 
In  the  three  upper  visceral  arches,  narrow  strips  of  cartiloginnj 
tiMue  make  their  appearance.     These  are  the  subjects  of  ^ 
roarknble  chaDgea,     The  first,  Or  upper  piece,  is  divided  u 
three  parta :    the  proiinud,   or  that  in  connection  vith  I 
baiU  crartii,  is  developed  into  the  palate  plate  and  i 
|)terygoid  process  of  the  spbeuoid  boue  ;  the  second  forms  fl 
incus  iuid  its  two  procesaen ;  wliile  the  remaining  part,  lou^~ 
and  narrow,  passes  downwards  and  forwards  so  as  to  unite 
with  its  fellow  of  the  opposite  side,  and  is  called  Meckel's  cartil- 
age.    The  upper  port  of  this  cartilage  forms  the  malleus  and  its 
handle,  and  the  lower  part  forms  a  rod,  on  the  external  surface 
of  which  the  loner  jaw  is  developed.     It  ultimately  disappears, 
except  a  small  portion,  which  is  represented  by  the  proeeuut 
graeilit  of  the  malleus.    The  proximal  extremity  of  the  fina-  J 
tissue  in  the  second  arch   forms  the  8tA))es,  and  the  t" 
extremity  the  styloid  process  of  the  temporal,  the  stylo-kytd 
ligament,  and  the  small  cornua  of  the  byoid  bone. 
lion  of  that  of  the  third  arch  forms  the  great  com 
body  of  the  hyoid  bone.    Thus  ai-e  formed  the  bones  of  t 
face  and  ear, 

Devdoptitsiit  of  the  Utiiht. — The  upper  and  lower  limbs  ■ 
developed  from  the  ventral  plattsB  on  the  sides  of  the  I 
The  upper  limb  appears  before  the  lower,  and  according  \ 
KijUiker,  the  division  into  arm  and  fore  arm,  thigh  and  1 
ooeuTs  about  tlie  eighth  week.    About  the  same  time  the  divi 
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into  fingers  and  toes  also  takes  place  (Plate  XYIII.  figs.  10, 
13, 15). 

Devdopment  of  the  organs  of  circulation, — ^The  heart  is  at 
first  a  mass  of  cells,  shewing  rythmical  contractions  even  before 
muscular  tissue  is  developed,  but  at  an  early  period  it  is  a  simple 
dilated  tube  having  two  veins  entering  its  posterior  end  and 
a  large  arterial  trunk  passing  from  its  anterior.  The  tube  soon 
becomes  constricted  in  two  places,  so  as  to  form  three  compart- 
ments, the  posterior  of  which  is  the  auricular  portion,  the 
middle  the  ventricular,  and  the  anterior  the  bulbus  arteriosus, 
Septte  next  make  their  appearance  in  these  compartments,  so  as 
to  divide  the  auricular  portion  into  the  two  auricles,  the  ventri- 
cular into  the  two  ventricles,  and  the  bulbus  portion  into  the 
aorta  and  pulmonary  artery.  The  heart  also  becomes  twisted 
upon  itself  somewhat  like  the  letter  S,  and  this  process  goes 
on  imtil  the  two  auricles  are  anterior,  at  the  base  of  the  heart, 
the  two  ventricles  posterior,  forming  the  cone.  From  these 
originate  the  pulmonary  artery  and  the  aorta  (Plate  XVIIL 
figs.  3  and  6).  The  bulbus  arteriosus  is  at  first  a  tube  which, 
after  passing  forwards  a  short  distance,  splits  into  two.  These 
diverge,  but  afterwards  unite  to  form  a  large  tube  running 
down  behind  the  heart  in  front  of  the  vertebral  column.  This 
tube  is  the  descending  aorta.  Thus  two  arches  are  formed. 
Four  other  pairs  of  arches  are  also  developed,  each  arch  being 
placed  in  one  of  the  branchial  processes  already  described 
(fig.  14).  These  arches  never  co-exist,  as  the  highest  disappear 
before  the  lower  are  developed.  This  transitory  arrangement 
of  blood-vessels  resembles  somewhat  the  branchial  arteries  in 
fishes  ;  but  it  soon  disappears.  Embryologists  have  not  satis- 
factorily traced  the  development  of  these  vascular  arches  into 
permanent  structures.  According  to  some,  the  fifth  or  upper- 
most arch  remains  i)ersistent  as  the  anastomosis  between  the 
internal  carotid  and  vertebral  arteries  through  the  circle  of  4ln 
Willis  at  the  base  of  the  brain  ;  the  fourth,  as  the  inosculation 
between  the  superior  thyroids  of  the  external  carotids  and  the 
inferior  thyroids  of  the  subclavian  ;  the  third,  as  the  subclavian 
arteries  ;  the  second  becomes,  on  the  left  side,  the  arch  of  the 
aorta,  while  that  on  the  right  side  disappears  ;  and  the  first  ia 
represented  in  the  foetus  by  the  ductus  arteriosus  on  the  left 
side,  the  right  having  disappeared  at  an  earlier  period.* 

*  For  further  details  regarding  the  development  of  the  grettt  arteriea  and  Teint, 
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iDatiopouid  of  Ike  naroiu  *]r«(ni.  —  The  sfun&l  cord  and 
enceph&lcHi  are  devdoped  in  a  deposit  of  bUstema  in  the  bottom 
of  the  primitive  grooTe.  As  this  groove  ia  formed  by  the  seroiu 
Uver  of  the  embiyo,  it  follows  that  tbe  cerebro-Bpinal  erstem 
is  developed  from  this  layer.  The  layer  of  blaatenu,  composed 
at  fint  of  cells  miiform  iu  size  and  appearance,  iucreases  in 
thickneas  in  each  lateral  half  so  as  to  form  a  furrow  or  groove^ 
the  sides  of  which  gromiag  apwarda  and  uniting  produce  a  tube 
,  or  cylinder,  which  is  represented  in  the  mature  condition  by  the 
ilff^i^^/(wntrkieB  of  the  biuin  and  the  AMe^Md^canal  of  the  spinal  cord. 
According  to  Bemak  and  KOiliker,  the  posterior  mots  of  the 
spinal  nerves  with  their  gaagiin,  are  sepivately  developed  and 
grow  inwards  towards  the  cord,  while  the  anterior  pasi  outwards 
from  the  cord.  The  nerves  are  developed  from  differentiated 
maeata  of  blastema,  and  grow  inwards  till  they  reach  the  cord. 
Thus  we  have  formed  the  spinal  cord,  with  the  various  motor 
and  sensory  nerves  ramifyiag  through  the  body.  With  regard 
to  the  derelopmeut  of  the  brain,  it  is  first  to  be  noted  Ihnt  tt  is 
really  a  portion  of  the  nervous  tabe  just  described,  modified 
into  various  ganglionic  masses.  There  is  at  firttt  no  enlarge- 
ment lepresenting  brain,  a  condition  which  is  persisteut  iu  the 
Aiaphioxui  lanceolalus*  Soon,  however,  the  anterior  part  of  the 
medullary  tube  enlarges,  and  becomes  constricted  into  three 
parts,  so  as  to  form  three  vesicles,  called  the  primary  ter^ral 
ctiida  (Phite  XVIIL  flgs.  4,  5,  6,  and  fig.  8,  a,  b,  c,  d). 
three  vesicles  are  at  first  in  a  straight  tine ;  but  three 
make  their  appearance  :  the  most  posterior,  at  the  junction 
the  posterior  vesicle  with  tlie  spinal  cord ;  the  nest  between 
that  part  of  the  third  vesicle  forming  the  medulla  and  that 
developed  into  cerebellum  ;  and  the  auterior  3p{>ears  in  the 
middle  vesicle  between  the  parts  from  which  are  developed  the 
optic  thahuni  and  corpora  quadrigemena.  Tlie  anterior  is  now 
placed  nearly  at  a  right  angle  with  the  middle  veaicle.  Tlw; 
following  changes  next  occur  in  tbeae  three  vesicles,  Beginniag; 
with  the  posterior  primary  vesicle,  we  find  that  its  lloor  tf 
<teveloped  into  the  medulla  oblongata  (i 
cord).  The  posterior  part  of  its  roof  is  never  closed  by  nerrouCl] 
matter,  having  only  membrane  over  it,  and  this  open  put  iki 

mfarmce  la  mulf  to  KBUIker,  ''EntwfolililBg^radJchU.-p.  Hi,  tfwj.    1 
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repreaeuted  in  the  wdult  by  the  floor  of  the  fourth  ventricle, 
commuDJcating  below  wiUi  the  canal  of  the  njiinal  cord.  The 
Anterior  part  uf  the  root  is  differentiated  into  the  cerebelimn, 
and  the  transverse  comiuiaaural  libres  of  the  cerebelliim  consti- 
tnt«  the  pom  Varolii.  The  vermifoTm  pnxeti  of  the  cereboUuni 
Appears  before  the  two  Literal  hemispheres.  In  the  floor  of  the 
middle  or  second  cerebral  vesicle,  matter  ia  deposited  so  as  to 
form  tlie  crura  ctrtlvl,  and  in  the  roof  we  have  developed  the 
corpora  quadrigtmena,  an  antero-[ioeterior  median  groove  being 
first  seen  nbout  the  sixth  month,  and  a.  transverse,  Bepuratiug 
the  tttta  from  the  nata,  first  making  its  appearance  about  the 
seventh  month  of  intra- uterine  life.  Tlie  primitive  cavity  of 
the  second  cerebral  vesicle  remuitis  persistent  as  the  Sylvian 
Miueduet,  or  iter  a  itrCio  ad  quartum  vattrievlum.  The  ilevelop- 
ment  of  the  anterior  primary  cerebrai  vesicle  is  more  coinplic»t«d. 
At  a  very  early  period,  two  vesicles  are  developed  from  the 
anterior  primary  vesicle,  one  on  each  side.  Thesej  vesicles  have 
been  termed  the  kemiipktrt  tie»iv(i»,  becnUBe  from  them  ure 
developed  the  hemispheres— the  corpora  slriata  appearing  in  the 
floor,  while  the  hemispheres,  properly  so  cnlled,  constitute  the 
roof.  The  eitemal  surface  of  the  mass  termed  corpora  ttriata 
is  the  Itland  of  BeU,  aeeo  in  the  Sylvian  fissure.  The  cnvity  of 
these  vesicles  is  represented  by  the  lateral  ventricles,  and  lietween 
the  double  partition  separating  them,  wc  have  the  tiftli  ventricle. 
The  csvity  of  the  anterior  primary  vesicle,  behind  the  cerebral 
vesicles,  forma  the  third  veulride,  the  floor  being  formed  by 
the  oplie  tkalami  which  are  at  first  hollow,  while  thu  roof  is 
formed  by  the  tdum  inlerpoiUum,  a  layer  of  pia  nutter,  which  ia 
folded  into  the  brain  through  the  triU3aver«e  liasunx  As  develop- 
ment proceeds,  the  communication  between  the  cavity  of  the 
ontiiruir  cerebrnl  vesicle  (third  ventride)  and  those  of  the  hemi- 
sphere vesicles  (lateral  ventricles)  becomes  smaller  and  smaller, 
and  ultimately  constitutes  lYwfirantm  ofJUunro.  The  margin 
of  this  foramen  forms  anteriorly  Ihe/umix,  an  aulero-jiosterior 
commiasuml  set  of  fibres,  and  posteriorly  the  corpua^fimbrialum 
and  hippocamput  major,  and  as  the  hemispheres  increase  iu  size 
they  grow  bnckwarda,  so  as  lo  overlap  the  optie  thalami,  corpora 
quadru/emena,  and  cerulicllum.  The  great  transverse  commis- 
sural mass,  corpus  eallotum,  is  first  seen  about  the  end  of  the 
third  mouth.  The  first  ti'ac-c  of  convolutions  is  seen  about  the 
fourth  mouth.    They  are  at  finA  indistinct,  and  cuoliuue  so  till 
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the  BeveDth  raontfa,  after  which  ikvy  Me  i^idly  dereloped. 
The  Sylrian  fisMiire  appears  at  ilie  fonrth  month,  and  is  sooii 
followed  bj  the  fissure  of  liolaiidit.  Such  in  &ii  oatline  of  the 
developmeDt  of  the  braiti. 

Deedopmoit  of  the  ei/t. — The  eye  first  appears  aa  a  hollow 
procea  in  connection  with  the  anterior  cerebral  vesicle  (Plate 
XVIIL  fig.  5,  where  the  first  cerebral  vesicle  is  espauded 
laterally  ;  fig.  6  ;  fig.  8,  e;  and  fig.  13,  A).  This  prooeM  soou 
becomes  a  ronnd  vesicle  (primari/  optie  vaick)  connected  poa- 
teriorly  with  tlie  anterior  cerebral  vesicle  by  a,  hollow  pedld^. 
The  optic  vesicle  now  approaches  the  cuticle  and  beisiiaes  inra- 
ginatad,  carrying  a  portion  of  the  cuticle  along  with  it.  This 
invaginated  portion  of  cuticle,  at  tlrst  a  poudi,  becomes  con- 
stricted to  form  a  sac,  and  is  ultimately  severed  from  ita 
connection  with  the  general  cuticle,  tbus  forming  the  I 
The  primary  optic  veaiclo  now  nndergoes  a  second  in  vagi 
behind  the  lens  until  the  opposite  surfaces  come  into  o 
and  the  cavity  of  the  primary  optic  vesicle  disappears.  J 
iug  to  Eolliker,  the  invaginated  (lortion  fonns  the  relii 
the  layer  of  besogonaJ  pigment  cells  in  the  choroid  ;  a 
onter  portion,  the  pigmentary  (branching  pigment  c 
probubly  the  vascular  part  of  the  choroid.  TI 
cavity  behind  the  lens,  called  the  lecondari/  optic: 
filled  with  the  vitreous  humour.  The  iris  is  developed  abo 
second  month  as  a  septum  projecting  from  the  anterior  ] 
the  choroid.  T)ie  soierotic  Rod  cornea  are  formed  from  t 
cstemol  to  the  eye.  The  lens  in  the  foetus  ii 
a  vascular  tunic,  the  foi-e  part  of  which  is  persistent  it 
young  of  many  animals  for  sevend  days  after  birth, 
then  termed  the  papiUari/  membrane.  In  the  human  Ix 
is  atrophied  before  birth.  The  eyelids  are  fohls  of  integu 
Tlie  lachrymal  camil  is  tlie  representative  of  the  fissure  bei 
the  frontal  process  and  the  nttiillary  lobe  of  the  embrj-o.' 
Devdopmeat  of  tite  ear.— The  ear  is  developed  from  a  ^ 
the  primarj/  auditori/  vaide,  above  and  lieliind  the  a 
branchial  ar^h  (Plate  XVIII.  fig.  5,  where  the  embryo  en 
seen  t^posite  the  third  cerebral  vesicle  ;  fig.  8,/).  This  f\ 
however,  is  not  a  i>roces8  from  the  brain,  as  is  the  cai 
eye,  but  an  invagination  of  the  cuticle.  Thefirst  part  d 
is  the  membranous  kbri-nth,  afterwards  the  aomiciroular  a 
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and  finally  the  cochlea.  The  osseous  labrynth  is  developed 
from  cartilage,  continuous  with  the  cartilage  at  the  base  of  the 
primordial  cranium.  The  stages  of  development  of  the  intri- 
cate portions  of  the  cochlea  have  not  yet  been  clearly  made 
out  The  development  of  the  middle  and  external  ear  have 
been  already  described.  The  external  meatus,  tympanum,  and 
Eustachian  tube  are  the  remains  of  the  upper  part  of  the  first 
branchuil  cleft ;  the  incus  and  malleus  are  formed  from  the 
upper  part  of  Meckel's  cartilage  (part  of  the  first  branchial 
arch),  while  the  stapes  is  derived  from  the  cartilage  of  the 
second  branchial  arch. 

DevelopmerU  of  the  nose, — The  nose  is  a  development  of  the 
integument  (Plate  XVIII.  fig.  13,  a).  The  olfactory  bulbs,  at 
first  hollow,  are  processes  from  the  two  vesicles  which  ulti- 
mately form  the  cerebral  hemispheres  (p.  394).  It  has  not  yet 
been  made  out  whether  the  olfactory  nerves  grow  from  the 
bulbs,  or  originate,  like  other  nerves,  from  separate  masses  of 
blastema.  The  nostrils  first  appear  as  two  grooves  separated 
by  the  frontal  process.  They  are  shut  off  from  the  eye  by  the 
lateral  frontal  process,  and  the  side  wall  of  the  nostril  is  com- 
pleted by  the  maxillary  processes.  The  nostrils  at  this  period 
communicate  with  the  mouth.  The  palate  is  now  developed  by 
transverse  growths  towards  the  middle  line,  and  ultimately  they 
unite.  Sometimes  we  have,  by  their  non-union,  the  ccmgenital 
deficiency  known  as  cleft-palate. 

Development  of  the  alimentary  canal. — The  alimentary  canal 
first  appears. as  a  groove  directed  towards  the  yolk.  The  groove 
is  lined  by  the  mucous  layer  of  the  embryo,  which  ultimately 
forms,  as  already  mentioned  (p.  384),  the  epithelium  of  the 
canal.  The  wall  of  the  groove  is  formed  by  the  deeper  divi- 
sion of  the  intermediate  or  vascular  layer  of  the  embryo.  The 
groove  soon  closes,  so  as  to  form  a  long,  straight  tube,  stretch- 
ing in  front  of  the  vertebral  column  from  the  base  of  the  skull 
to  near  the  posterior  extremity  of  the  embryo  (Plate  XVIIL 
fig.  13,  niy  and  fig.  15, 1).  This  tube,  however,  communicates 
with  the  yolk-sac,  or  umbilical  vesicle,  by  an  opening  on  the 
ventral  aspect,  which  speedily  becomes  a  narrow  duct,  named 
the  omphalo-enteric  diiet  (Fig.  9,  d ;  fig.  15,  m).  This  duct  soon 
disappears.  The  intestine  now  forms  a  curve  or  loop  in  the 
centre  of  the  bo<iy,  and  a  portion  dilates  to  become  the  stomach 
(Fig.  13,  e,  and  fig.  15,  k).    The  stomach  is  at  first  vertical,  turns 
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over  on  lU  right  nide,  ao  Uiat  Um  right  kural  surface  l)«eoi 
ito  po«teri<ir  Ruface;  This  ex[Jaiits  the  a&aUimical  btct  of 
right  pDCumc^astrif  sappljmg  the  pceterior  aspect  of 
Ntomacb,  while  the  left  sappliea  \iM  anterior  aspect.  The  great 
fait«etJae,  at  first  narrover  than  the  Emiall,  in  the  early  Ciuhrro 
Hbewa  DO  CKcnm.  The  mouth  is  developed  hy  an  infold iwg 
of  the  iutegumeut  above  the  highest  branchial  arch,  and  is 
HepanUed  at  firat  from  the  pharrnx  bj  a  partition.  The  anus 
anil  lower  part  of  the  rectum  are  also  iavaginationsof  the  outer 
Hurface.  It  is  remarkable  that  villous  proceaseB  uie  at  firat 
found  througlioat  the  whole  alimentary  ca.nal,  but  nlUmately 
dioAppear  in  the  stomach  and  hkrge  intestine.  Occadonally, 
diverticula  are  found  in  the  .-ulult  in  connection  with  the  hiver 
|tart  of  the  ileum.  These  are  believed  to  be  remains  or  develo) 
meuts  of  the  original  omphalo-eiiteric  duct.  Umbilical 
arises  from  the  want  of  complete  apposition  of  the  wall  of 
uUlomen  nt  the  umbilicus. 

Devthpment  of  the  litier. — The  liver  appears  as  two 
or  tubes,  arising  from  the  intestinal  canal  immediately  beneaUi 
the  rlilation  for  the  stomach  (Plate  XVIIl.  fig.  13,  f.and  fig. 
16,  J, »,  i).    Tlieae  processes,  according  to  Bemak,  coosist  botlt_ 
of   the  epithelial  and  muscular  parts  of  the   intestine. 
^  increase  in  size  by  the  development  of   glandular 
and  Burrouod  the  omphato-mederic  vein,  the  vein  bringing  bl 
from  the  umbilical  vesicle,  and  from  the  wall  of  tlie  primitil 
alimentary  canal  (Figs.  6  ajid  T).    As  the  umbilical 
decreases  in  size,  the  omphalic  portion  of  the  vein  also  di 
iind  the  meseuteric  portion  coming  from  the  alimentary 
becomes  the  portal  vcia.     The  conlinuatiou  of  the   omphalo- 
mesenteric vein  paaeiug  from  the  liver  to  the  general  circulation 
receives  the  name  of  the  hepatic  vein.    At  this  jieriod,  then, 
the  liver  is  supplied   with  blood  chiefly  by  the  portal 
Coiocldently  with  these  cliauges,  the  lUIantoia  is  being  develoj 
HO  us  to  form,  along  with  the  decidual  membranes,  the  placeni 
luid  na  the  placenta  iocreoses  iu  size,  a  time  arrives  when 
liver  reuuivea  more  blood  by  the  umbilieid  vein,  or  vein  c 
from  th(-  jiIaceutA,  than  from  the  portal  vein.*    The  utt 
vein,  uu  reaching  the  liver,  ilividea  into  two  branches ; 
those,  the  smaller,  passeit  onwiirda  to  the  rena  cava  inferi 
is  oiilled   the  duelux  ctrnisiti ;   the  other  joins  the  vena 
*  Dftliun'i  Phyilotugy,  p.  Wl. 
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Several  other  small  br&uches  are  given  off  by  tlie  umbilical 
Veio  to  the  liver.  After  respiration  ia  eslablisbeil,  luid  blood 
ceaaes  to  come  by  the  umbilicuJ  veio,  it  luid  thu  dad.^»  venotta 
contract  and  abrivel  uji,  the  umbilical  veiu  constituting  the 
rounU  ligament  of  the  liver,  while  tLe  duetu*  venomu  dixAppean^ 
{See  pp.  SS4,  S25,  and  Plate  XI.  fig.  IG,  and  description.) 

iMvitoprtent    of  the    laUvary  glani»,   and  panereai. — These 
organs  axe  developed  as  eitnplo    caiialH  with   sniuU    pruueaws     . 
paMBiugAhem.    Id  the  caxe  of  the  aalivarv  glaiids,  these  caualsy^ 
communicate  with  the  wouth,  while  that  of  the  pancreas  arises  ' 
from  the  left  aide  of  the  intestine,  dose  to  the  spleeii. 

Dentloprntnt  of  the  orgaru  of  rapiratiott  and  organ  of  toiee. — 
The  lungs  are  at  first  diverticula  from  the  cesophageol  portion 
of  the  alimeot;ir7  canal,  aud  their  internal  cavities  are  lined  \iy 
a  prolongation  of  the  lining  of  titc  teraphagus.  At  b.  Inter 
period,  they  are  connected  witli  the  digestive  tube  by  a  pedicle 
whiohbecomea  the  tracliea  (Plate  XVIII.  fig.  lfl,a).  The  lungs 
are  Been  at  a  very  early  period  of  development,  and  the  air  cells 
are  mpidly  developed  rouod  the  e:(treniitie8  of  the  ramiSed 
bronchial  tabes.  Until  birth,  the  biugs  are  of  small  size,  and 
occupy  a  small  space  at  the  back  of  the  thorax.  On  respiration 
being  establiabeil,  they  expand  so  ua  to  fill  the  cavity.  The 
rudimeulary  laryux  appears  as  twoslightenlargementsseparaled 
by  a  &a«ure,  and  ombrai.-ing  the  communication  between  the 
pharynx  and  trachea.  According  to  £athke,  all  the  true  car- 
tilages are  formed  nl  the  same  time.  The  larynx  is  small  in 
childhood.  In  the  female,  the  larynx  rebiins  its  comparatively 
small  sise,  and  rounded  th/yroid  cartilage  anteriorly  ;  but  in 
tlw  male  the  cartilages  tiecome  stronger,  and  the  aim  of  tlie 
thyroid  cartilage  project  forwards  so  as  to  foiTO  the  pomum 
Adanti,  The  vocal  cords  are  thus  lengthened.  The  cartilagea 
undergo  partial  oasification  from  middle  lifu  to  old  age. 

Jieoetopmtitl  of  ike  blood  glandt. — The  $pUen  ap]wara  alxjut  the 
■eventh  week,  close  to  the  pancreas,  but  by  the  tenth  week  it  is 
placed  at  the  great  end  of  the  stomach.  It  is  developed  in  n 
■pM'iul  uiais  of  btasteua.  KuUiker  has  observed  the  Ihyraid 
gland  at  the  end  of  the  third  month,  as  coDSLSting  of  shut  sacs 
with  cells  in  their  ioterior.  This  crgnn  is  relatively  larger  in 
the  fcetus  than  in  after  life.  The  thjfmut  gland  (Plate  XVIII. 
fig.  15,  {•)  has  becu  seen  by  Simon  in  embryoes  of  swine  and 
Dxen  about  half  an  inch  in  length,  as  a  sinipli-  tube.    From 
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this  tube  iaterol  liiverlicula  ajiae  containing  corpusdt 
twelfth  wetk,  the  thjmuH  conaists  of  lobules  ;  it  rapidly  iuc 
ID  Bizediiriiigfietal  life,  and  contiouee  to  grow  after  birtli 
eiiil  of  the  secaod  year.  Bj  the  tenth  or  twelfth  year  it  becomes 
n  fattj  mass,  and  at  puberty  it  han  almost  dieappeared.  The 
iwpra  rtnal  napsufa;  nrigiunte  from  blastema  dilTerent  fiom  thai 
of  the  kidneys.  Some  observers  (Goodsir)  have  seen  at  on  earl; 
period  these  organs  apparently  iu  one  maaa,  others  in  two  Bsparattfi. 
masaea  united  togelber,  while  many  have  seen  them  at  bi 
completely  separated  from  each  other.  At  one  period, 
the  fifth  or  sixth  week,  the  supra-renaJ  capaulea  are  larger  tl 
the  kidneys,  but  ultimately  they  become  much  smaller.  Nothing 
whatever  is  known  definitely  of  the  development  of  the  lymphatid 
glanda,  Beyer's  glands,  pituitary  body,  or  pineal  gland. 

Beedopmait  of  the  urinary  aitd  genenUive  orgata. — At  a  very 
curly  period  in  the  development  of  the  human  embryo,  two 
ridges  of  blastema  appear,  oue  on  each  aide  of  the  primitive 
straight  alimentary  canal.  These  increase  in  size, — veaides,  and 
afterwards  tortuous  ctecal  tubes,  are  developed  in  them,  com- 
municating with  a  duct  whicJi  runs  along  the  outer  side  of  each 
orgnn.  These  are  the  primordial  hidntyt  or  iraZ^n  bodia, 
named  after  their  discoverer,  C.  F.  Wolff  (Plate  XVIII.  fig.  18, 
o;  fig,  15,  o).  The  ducla  open  into  the  ailantoia,  and  a  whitish 
eici'etion,  containing  uric  acid,  has  been  found  in  them  and  in 
the  alkntois,  Aa  development  progresses  these  bodies  decrease 
in  size,  and  ultimately  aJmost  entirely  disappear,  their  ducts, 
however,  becoming  modified  into  certain  permanent  structures, 
OS  will  be  afterwards  described. 

The  kidnrt/t  are  not  developed  from  the  Wolfiian  bodies,  but 
from  separate  msBses  of  blastema  behind  their  upper  ejid.    At 
first  Buooth,  the  kidneya  soon  become  lobulated,  each  lobule 
consisting  of  a  number  of  ciecal  tubes  which  nre  modified  into 
the  tubuli  urinifai.     The  Molpigkian  hodia  have  been 
a  very  early  period.     The  uretm  are  believed  by  Balhlte 
commence  separately  from  the  kidneys,  and  afterward  to  bei 
united  to  tbeni.    The  ureters  open  into  the  allantoid  sac    TOi!] 
lower  part  of  the  ollautois  is  retained  in  the  abdomen  by 
closure  of  the  ventral  walls  at  the  umbilicus,  and  receives  tin' 
duels  of  the  Wolffian  bodies  and  of  the  ureters.    This  portii 
becomes  dilated,  and  afterwards  constitutes  the  urinarj/  bladt 
(Fig.  8,/).    The  contracted  part  above  tliis  dilated  poi 
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passing  Cix>m  the  bladder  to  the  umbilicus,  is  afterwards  known 
as  the  urcLchus.  The  bladder  at  first  communicates  freely  with 
the  lower  end  of  the  alimentary  tube.  This  general  cavity  is 
called  the  cloaca,  and  represents  the  permanent  condition  in  birds 
and  reptiles.  Soon,  however,  a  partition  is  developed,  dividing 
the  cloaca  into  two  parts,  the  posterior  constituting  the  rfdiim, 
opening  externally  by  the  anus,  while  the  anterior  has  been 
termed  the  nmis  urogenUalis,  and  receives  the  ducts  of  the 
Wolffian  bodies  as  well  as  those  of  the  kidneys  and  of  the 
ovaries  or  testes. 

The  generative  organs  are  developed  from  separate  masses  of 
blastema  on  the  inner  aspect  of  the  Wolffian  bodies.  It  cannot 
at  first  be  determined  whether  male  or  female  organs  are  to  be 
the  result  of  the  development  The  Wolffian  bodies  are  pushed 
outwards  by  the  development  of  the  kidneys  above  and  between 
them,  and  they  gradually  decrease  in  size.  A  white  elongated 
thread-like  mass  of  blastema  is  seen  on  the  front  of  each  Wolffian 
body,  running  along  the  duct  This  becomes  a  tube  termed  the 
MuUerian  dud.  The  MlilleriaD  ducts  become  fused  together  at 
their  lower  end,  and,  along  with  the  ducts  of  the  Wolffian  body, 
form  a  siugle  cord —  the  gea  ital  cord.  Now  commences  a  distinct 
<liffereutLation  between  the  organs  of  the  sexes.  In  the  female, 
the  portion  of  the  MUllerian  ducts  united  together  is  developed 
into  the  vagina,  cervix,  and  lower  part  of  the  body  of  the  uterus. 
This  partial  formation  of  the  uterus  by  the  union  ()f  two  ducts 
explains  the  occurrence  occasionally  of  a  double  or  homed  uterus. 
The  upper  part  of  the  body  of  the  uterus  and  the  Fallopian  tubes 
are  formed  by  the  remaining  upper  portions  of  the  MUllerian 
ducts.  A  very  diiSereut  development  occurs  in  the  male.  Here 
the  Miillerijln  ducts  undergo  little  development,  and  are  repre- 
sented in  the  adult  by  the  vesicxda  prostatica,  sinus  poctdaris,  or 
utricle,  first  described  by  Morgagni,  and  situated  in  the  floor  of 
the  prostatic  portion  of  the  urethra,  and  in  front  of  tlie  caput 
gallinaginis,  or  verumontanum.  This  little  recess,  therefore, 
represents  in  the  male  a  portion  of  the  uterus  and  the  vagina 
in  the  female.  The  united  portions  of  Miiller's  ducts  dis- 
appear. The  male  organs  of  generation  are  developed  partly 
from  the  mass  of  blastema  already  referred  to,  and  partly  from 
the  ducts  of  the  Wolffian  bodies.  The  ducts  of  the  latter  form 
the  vasa  deferentia  and  ejaculatory  ducts,  the  vesicula  seminaUs 
being  cul-de-sacs  from  their  lower  part     Part  of  the  duct  of  the 
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Wolffian  body  becomes  the  eytididi/mis.  According  to  del 
and  fianks  the  com'  DOiculoii  me  developed  from  separate  de] 
of  bliutema.  The  testicles  are,  until  the  seventh  month,  i 
ubdominnJ  cavity.  They  then  descend  through  the  intei 
iuguinal  ring  into  the  scrotum  pushing  a  jKiuch  of  peritoi 
before  them.  This  pouch  'becomes  conslricteil,  and  is 
mately  cut  off  from  the  abdomind  portiou  of  the  peritoneum, 
as  to  form  the  tunica  vaginalu.  The  external  orgnns  of  geD< 
tion  are  first  represented  by  a  small  Ixxiy  projecting  from 
median  tine  in  front  of  the  cloacal  opening,  having  a  givove 
its  under  surface.  This  bod;  is  the  mdimentory  orgmi  trhit 
becomes  the  diforia  in  the  female  and  the  penis  in  the  male. 
About  the  eleventh  or  tweifth  week,  a  trnnsverse  band  divides 
the  ana!  from  the  geaito-uriuary  pnssage.  Two  cutaneuim  folds, 
one  on  each  side  of  the  clitoris,  become,  in  the  female,  the  labia 
mq/'ora.  In  the  male,  the  penis  eokrges,  and  the  margins  of 
the  groove  ou  its  under  surface  unite  so  ob  to  form  the  urtlhra. 
The  Iftleral  cutaneous  folda  already  mentioned  uaite  so  na 
form  the  scrotum.  Wlieu  the  uaiou  of  the  urethra  canal  is  n 
complete,  and  the  penis  is  small,  we  have  then  the  condition 
hypoEpiidiaH. 

Ill  the  human  ovum  similar  chiinges  occur  to  those  i 
dog.  The  early  stages,  indeed,  may  be  said  to  be  identin 
The  umbilical  vesicle  and  nllautois,  however,  n< 
large,  and  according  to  a  dissection  of  a.  foetus  by  1 
supposed  to  be  twenty-eight  days  old,  union  between  the  tm 
may  be  observed  even  at  tliat  early  period.  The  a 
formed  in  the  some  mauner  as  in  the  dog,  very  early,  and  coif- 
tiuues  during  the  whole  period  of  iutr.vutei*ine  life,  constituting 
the  membrane  that  eurrouuds  the  fcetus.  On  the  choiion,  the 
villi  become  concentrated  on  a  particidar  spot,  while  the  rest  of 
its  surface  becomes  smooth.  The  alluntois  grows  into  this  pnir^^ 
of  the. chorion,  and  blends  with  it,  as  will  be  afterwards  B 
particularly  descrilwd.  Alwiut  the  beginning  of  the  a 
month,  the  umbilical  vesicle  begins  to  disappear,  it  shiinlBi 
together,  its  peduncle  uniting  with  that  of  the  allantois  to  c 
stttute  the  umbilical  curd.  Its  remains  may  sometimes  t 
tTw;ed  in  the  fcotal  coverings  at  birth.  All  the  o:;gans  & 
evolved,  and  jire  gradually  jierfected  during  the  remainder  O 
intra-uteriue  life. 
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In  birds,  —  The  same  process  previously  described  occurs 
essentially  in  the  egg  of  the  bird.  In  the  bird  there  is  no 
uterus.  The  ovum  is  maturated  out  of  the  body  of  the  animal. 
In  the  ovary  of  the  common  fowl,  numerous  eggs  may  be  seen 
in  various  stages  of  development.  When  discharged  from  the 
ovary  into  the  Fallopian  tube  or  oviduct,  the  egg  consists  of  a 
large  globular  yellowish  yolk  inclosed  in  a  transparent  vitelline 
membrane.  At  one  spot  on  the  surface  of  the  vitellus,  there 
is  a  round  white  spot,  the  "  ciccUricula,^*  in  the  centre  of  which 
is  the  germinal  vesicle.  The  peristaltic  actions  of  the  muscular 
wall  of  the  oviduct  forces  the  egg  downwards,  and  during  its 
passage  a  homogenous  layer  of  a  gelatinous  deposit  is  formed 
around  the  vitelline  membrane.  This  is  termed  the  *'  chalazi- 
ferous  membrane.  The  egg  is  still  pushed  downwards  with  a 
slow  rotatory  motion,  and  the  chalaziferous  membrane  is  twisted 
in  opposite  directions  so  as  to  give  rise  to  two  fine  cords, 
running  from  the  opposite  poles  of  the  egg,  termed  the 
^^  chalazas  ;'*  and  from  the  mucous  membrane  of  the  oviduct 
there  exudes  an  albuminous  substance,  the  so-called  albumin,  or 
"  white  of  eggJ^  In  the  next  part  of  the  oviduct,  another 
material  is  deposited  outside  the  albumin,  in  the  form  of  three 
distinct  membranes,  layers,  or  envelopes  ;  and  in  the  lower 
part  of  the  oviduct,  which  is  wider  than  the  rest  of  the  canal, 
the  villous  mucous  membrane  transudes  a  fluid  containing  a 
large  amount  of  calcareous  salU,  which  are  deposited  amongst 
the  fibres  of  the  outermost  layer.  Thus,  the  shell  of  the  egg 
is  formed.  The  egg  is  finally  discharged  through  a  narrow 
portion  of  the  oviduct,  and  finally  from  the  external  orifice. 

The  shell,  although  it  has  no  visible  pores,  is  still  permeable 
to  air,  a  condition  essential  to  the  future  development  of  the 
embryo,  for  it  has  been  found  that  if  the  shell  be  covered  with 
a  layer  of  varnish,  the  egg  dies.  The  ovum  of  the  bird  contains 
all  that  is  necessary  to  perfect  the  embryo,  and  it  receives  no 
further  nourishment  from  the  mother.  On  this  account  it  is 
furnished  with  a  much  larger  amount  of  albumin  and  yolk, 
which  are  metamorphosed  by  cell  growth,  into  the  tissues  of 
the  chick.  During  this  metamorphosis  some  chemical  change 
is  continually  going  on,  and  material,  such  as  watery  vapour, 
must  pass  out  through  the  shell,  for  the  egg  is  daily  losing 
weight.  Soon  after  the  egg  is  passed,  a  small  quantity  of  air 
passes  through  the  shell  at  the  rounded  extremity,  and  accumn- 


C//J.VGES  IN  THE  UTERUS 


latea  between  the  iutoriml  and  middle  fibrous   merobi 
The  vitellua  or  yolk,  being   lighter  than  the   albumin,  t 
towards  the  Hurfuua  of  the  egg,  with  the  cicatricula  uppennoa 
so  that  in  whatever  aituatioa  it  may  be  placed,  it  is  nest  tl 
warm  body  of  the  mother  daring  the  hatching  period.     The 
three  embryonic  sacs  ore  alao  developed  in  Uie  egg,  and  the 
itllautuia,  at  au  advanced  period  of  iDCiiLation,  lines  nearly  the 
whole  of  tiie  sliell.    Sy  thia  k;ic,  the  chick  breathes ;  for  it  h 
been  shewn  by  Baudrimout  and  Ange*  that  during  eighte 
dajia'  jnciibation  the  egg  abaorba  nearly  two  per  cent,  of  S 
weight  of  oiyges,  while  the  quantity  of  carbonic  ncid  exholH 
from  the  aixttienth  to  the  nineteenth   da,y  amounts  to  three 
grains  in  twenty-four  hoiira.    At  length  the  chick  is  strong 
enough,  jinrtly  by  meuus  of  its  beak,  and  partly  by  its  atnigglee^ 
to  breiik  its  covering  and  escape. 

Chasqes  is  thb  Uterus  which  pollow  I 
We  have  now  to  consider  the  changes  that  take  place  in  ti 
utenia  after  fecundation.    Ah  the  ovum  descends  the  Fallopian 
tube,  the  uterus  is  being  prepared  for  its  recept  "" 

membrane  of  the  uterus  contains  numerous  small  tubalkr 
glands  or  follicles,  and  it  is  covered  with  ciliated  epitheliui 
On  impregnation,  the  mucous  luembmne  becomes  ir 
increases  iu  thickness,  and  bulges  into  the  cavity  of  the  ute 
in  the  form  of  snudl  rounded  processes.  The  glands  also  in 
in  size,  and  pour  out  acopious  secretion.  This  thickened  m 
membrane  is  called  the  decidiia  vera.  Wlien  the  ovum  reaches 
the  cavity  of  the  uterus,  it  becomes  entangled  in  the  decidoa 
vera,  a  portion  of  which  is  rapidly  developed  round  it.  This 
latter  portion  is  the  drcidua  rijiexa,  so  called  1 
reflec(«d  over  the  ovum.  At  this  stage  the  ovum  is  covered  l^f-l 
the  shaggy  coat  oE  the  chorion.  The  villous  tufts  of  the  chorion 
are  pushed  into  the  follicles  or  glands  of  the  two  decidun,  and 
absorb  from  these  glands  a  nutritious  fluid  for  the  support  of 
the  ovum.  But  as  the  foetus  ia  further  develoi>e(l,  a  larger  supply 
of  nourishment  is  necessary,  and  the  blood  of  the  fcetus  most 
be  brought  into  nearer  relation  to  that  of  the  mother.  Thia  is  | 
accomplislied  by  means  of  an  organ  called  the  placenta. 

Formation  of  the  plaetnta. — ^As  already  mentioned,  the  TOliofa 
the  chorion  disappear,  except  at  a  particular  portion  of  ita  m 
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face — the  portion  opposite  to  the  allaDtois.  This  is  the  situation 
of  the  future  placenta.  This  organ  consists  essentially  of  a  foetal 
and  a  maternal  portion.  The  foetal  part  is  formed  by  the  villous 
tufts  of  the  chorion,  containing  loops  of  capillaries  derived  from 
the  allantois.  It  is  connected  with  the  foetus  by  the  umbilical 
cord,  and  both  it  and  the  cord  are  covered  by  a  reflection  of 
the  amnion.  The  maternal  portion  consists  of  the  decidua, 
or  hypertrophied  mucous  membrane,  coutaining  the  uterine 
follicles.  As  already  explained,  these  follicles  become  much 
enlarged,  so  as  to  allow  the  tufts  of  the  chorion  to  be  pushed 
into  them,  and  at  the  same  time  the  blood-vessels  or  veins 
ramifying  on  the  outer  surface  of  the  follicles  rapidly  increase 
in  size,  and  thus  form  large  sinuses,  termed  the  uterine  sinuses. 
These  sinuses  exist  in  the  decidua,  not  in  the  wall  of  the  uterus, 
and  they  and  the  uterine  follicles  mould  themselves  over  the 
outer  surface  of  the  villous  tufts  of  the  chorion,  as  seen  in  Plate 
XVII.  fig.  8,  a,  6,  c,  d.  Thus  the  blood  of  the  foetus  is  in  close 
proximity  to  that  of  the  motlier,  but  is  separated  from  it  by 
the  following  membranes,  which  become  more  or  less  fused 
together :  first,  the  wall  of  the  foetal  capillary  (Plate  XVII.  ^g. 
10,  ^) ;  second,  the  chorion  («,/);  third,  the  wall  of  the  uterine 
follicle  (6) ;  and  fourth,  the  wall  of  the  uterine  sinus  (a).  Ac- 
cording to  Goodsir,  there  are  two  layers  of  cells  between  the 
foetal  and  maternal  portions  of  the  placeuta, — first,  a  layer  on 
the  lining  of  the  uterine  sinus,  b  {external  cells);  and  second,  a 
layer  on  the  chorion,  e,f  {internal  cells).  The  function  of  the 
external  cells  is  to  absorb  nutrient  matter  from  the  blood  of  the 
mother,  while  that  of  the  internal  is  to  absorb  this  matter  from 
the  external,  and  pass  it  into  the  blood  of  the  child.*  Through 
these  membranes,  the  blood  of  the  foetus  receives  nutritious 
matter  from,  and  gives  up  impurities  to,  that  of  the  mother, 
probably  by  processes  of  endosmose  and  exosmose.  During 
pregnancy,  the  involuntary  contractile  fibre  of  the  uterus 
becomes  gradually  hypertrophied  so  as  to  increase  the  power 
of  the  uterus. 

Farturition. — ^The  process  of  parturition  takes  place  a  few 
days  beyond  the  end  of  the  ninth  calendar  month.  During 
pregnancy,  the  involuntary  contractile  fibre  of  the  uterus  is 
enormously  hypertrophied.      The  foetus  is  expelled    by  the 

•  Oood«ir.    The  Structure  of  the  Human  Placenta.    *'  Anatomiod  Memoln,** 
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contractile  force  iif  the  uterus,  aiiled  by  the  abdominnl  and 
nther  niii«cle«.  It  is  soon  followed  bj  the  exputsiou  of  the 
placenta.  When  Uie  pla/^nta  separates,  the  uterine  veseels  are 
torn  acroaa,  but  the  orifices  are  apeedily  closed  by  the  coiitraction 
of  the  uterua  The  whole  placenta,  maternal  and  fmtiil,  including 
the  utcriue  Binuses,  uterine  glands,  and  tufts  of  the  chorion, 
separates,  and  the  hamorrhage  which  usually  takes  place  does 
not  come  from  the  uterine  Tessela,  but  from  tlie  large  sinuses  in 
the  placenta.  After  parturition,  the  muscular  walla  of  the 
uterus  atrophy  by  fiLtty  degeneration,  and  the  mucous  luerabraue 
is  renewed. 

General  nndiuxom. — Such  is  a  general  sketch  of  the  yarioutj 
stages  of  the  function  of  reproduction,  a  study  of  which  in 
different  chissea  of  animals  has  led  to  the  formation  of 
ingenioua  hypotheses,  whereby  it  has  been  sought  to  bring 
order  of  evolution  within  the  operation  of  certain  laws.     One 
these,   which  lias  eicited  great  attention,  is,  that  the  hi 
foetus  passes  through  transitioii  periods  resembling  in  turn  tfa*' 
different  inferior  beings  of  the  animal  scale  :  that  is  to  say,  it  rt 
Unit  resembles  a  zoophyte,  then  n  mollusc,  then  a  worm,  a  fish,  S 
reiitile,  anrl  so  on.    Thus  the  monads  found  among  the  inferior 
animals  have  been  supposed  to  be  represented  by  the  germinal 
vesiole.     The  ybik,  when  divided,  has  been  thought  to  resemble 
a  gonium  or  ii  volvox.     When  the  primitive  groove  doses,  it 
haA  been  likened  to  a  worm  ;  afterwards  to  a  molluscous  aniinal ; 
and  when  the  visceral  arches  appear,  to  a  fish  ;   and  ao  on. 
This  method  of  viewing  the  phases  of  development  has  led  %t) 
a  generalisation  thus  expressed  by  Serree,- — ^viz.,  that  "  Hum 
organogenesis  ia  a  transitory  comparative  anatomy,  aa  in 
turn  comparative  anatomy  ia  a  tixed  and  pemiauent  state 
the  organogenesis  of  man."     But  that  the  human  embryo  e^ 
resembles  a  worm,  a  mollusc,  reptile,  fish,  or  bird,  can,  on  carefnl 
examination,  nowhere  be  recognised.     It  ia  tnie  that  at  one 
jieriod  all  ova  resemble  each  other  ;  but  it  is  equally  certain 
that  from  the  first  moment  of  their  formation  they  are  iin- 
pressed  with  a  power  of  developing  themselves  in  a 
direction,  so  that  the  ovum  of  a  reptile,  fish,  or  bird,  will 
be  developed  into  similar  animals,  and  by 
circumstances  will  ever  be    transformed  into   different 
Xeither  is  there  any  anatomical  or  structural  relation  be 
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them,  for  the  visceral  arches  in  the  human  foetus  are  in  no 
way,  as  has  been  supposed,  analogous  to  the  branchise  or  lungs 
of  the  fish,  for  the  former  are  partly  transformed  into  the  bones 
of  the  face,  while  lungs  originate  in  inflections  of  the  mucous 
layer.  The  theory,  then,  may  be  considered  as  more  fanciful 
than  real,  and  founded  upon  loose  analogies,  which,  instead  of 
being  strengthened,  are  weakened  as  development  proceeds, 
and  the  true  types  of  such  analogies  become  more  evident 

Lactation. 

The  most  natural  food  for  the  infant  is  the  mUk  of  the 
mother.  This  fluid  is  secreted  by  special  glands  termed  the 
mammary  glands.  In  the  human  female,  they  form  two  rounded 
masses,  the  breasts,  placed  one  at  each  side  on  the  front  of  the 
thorax.  They  are  essentially  compound  racemose  glands,  re- 
sembling in  structure  the  pancreas  and  salivary  glands.  They 
consist  of  a  number  of  lobes  or  lobules,  from  which  proceed 
about  fifteen  or  twenty  ducts,  called  gcdactophorous  ducts.  These 
converge  towards  the  areola,  or  circle  round  the  prominence, 
or  nipple,  where  they  form  sinuses.  From  these  sinuses,  small 
ducts  pass  to  the  surface  of  the  nipple,  where  they  open  by 
separate  orifices.  When  examined  by  a  high  power,  the  small 
vesicles  and  ducts  of  the  gland  are  found  to  consist  of  a  wall 
of  areolar  tissue  lined  by  a  mucous  membrane,  having  tjBselated 
epithelium.  They  are  usually  filled  with  molecular  matter. 
The  secretion  of  milk  commences  during  the  latter  period  of 
])reguancy,  but  it  is  not  fairly  established  until  two  or  three 
days  after  delivery.  Its  appearance  is  usually  ushered  in  by 
a  feverish  condition,  "  milk  fever.^^  The  fluid  secreted  during 
the  first  few  days  after  delivery  is  of  a  yellower  colour  than 
that  secreted  afterwards,  and  is  termed  colostrum.  This  milk  is 
believed  by  some  to  act  as  a  natural  purgative  to  the  infant. 
Afterwards  the  milk  is  white,  or  bluish  white,  opaque,  has  little 
or  no  smell,  and  a  slightly  sweet  taste. 

Histological  structure  of  milk. — When  a  drop  of  milk  is 
examined  with  a  magnifying  power  of  250  diameters,  it  is 
found  to  consist  of  a  fluid  in  which  there  are  numerous  globules 
of  various  sizes,  varying  from  the  1/2500  to  1/1500  of  an  inch  in 
diameter  (Fig.  1,  p.  404).     These  globules  are  very  refractive. 
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They  are  often  in  groupe,  bnt  in  healthy  milk  readily  roll  upoSi 
one  auother.  Ou  the  addition  of  acetic  (icid  they  may  bo 
melting  together,  so  as  to  form  larger  globules,  which  may  theu' 
be  dissolved  by  ether.  Thus  we  learu  that  each  milk 
consists  of  an  envelope  tif  albumen  Hurrounding  a  drop  of  oil, 
and  an  appearauoe  very  similar  to  milk  can  be  artificially 
prepared  by  ftret  forming  the  Baplogen  membrane  of  Asehertou, 
as  already  described  at  p.  36,  and  then  rubbing  the  covering 
glass  with  a  circular  motion,  so  as  to  break  up  the  membrane. 
Colostrum  is  fouad  to  contAin,  in  addition  to  the  ordinary  milk 
globules 
i/iirmt 


1 

I 


targe,  irregular,  globular  bodies,  from  the   . 

1/800  of  an  inch,  termed  "co/o«(run>  eorpuada."    They  J 

«  oily  granules  (Fig.  S). 


Chemical  eompoiilion  o/milk, — The  specific  gravity  of  human 
milk  in  about  1U32  (Simon).     It  is  usually  alkaline,  Bometimes 
neutral,  but  it  gradually  becomea  acid.    When  it  haa  stood  for 
a  time,  the  globules  float  to  the  surface  forming  a  layer  calledl 
ertam,  while  beueath  we  have  a  bluish-white  fluid,  poorer  in :' 
but  having  a  higher  specific  gravity  than  the  up|>er  stratnm.    ', 
the  temperature  is  cool,  aud  tlie  atmosphere  not  highly  charged'' 
with  electricity,  milk  will  remain  in  its  natural  condition  for 
several  days  ;  but  under  reverse  conditions,   it  spontaneously 
coagolatee.     This  coagulation  is  caused  by  part   of  the  milk 
augar  undergoing  acid  fermentation,  yielding  lactic  acid,  irliiob ' 
precipitates  the  albuminous  constituent  at  milk — tbe  caaeia. 

/C„n„O„  +  2H,O  =  4(C.H,O0\ 


The  following  are  analyses  of  human  milk,  compared  t 
that  of  a  few  other  animals,  io  1000  paila :  * 
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Constituents. 

Human— 
VemoiivaA 

Human, 

8d  day  after 

delirory— 

Siwum, 

Cow— 
CkevaUier 

CktoaXUar 

Ew»- 
CkevalHer 

BeequereL 

and  Utnry. 

and  Henry. 

and  Henrjf, 

Water .    .    . 

889-08 

828-0 

870-2 

916-5 

856*2 

Sugar  .    .     . 

43-64 

70  0 

47-7 

60-8 

50-0 

Casein  and 

extractives 

39-24 

40-0 

44-8 

18-2 

45-0 

Butter      .     . 

26-66 

60-0 

31-3 

1-1 

42-0 

Salts    .    .    . 
Total, 

1-38 

31 

6-0 

3-4 

6-8 

1000-00 

991-1 

1000-0 

1000-0 

1000-0 

It  will  be  seen  from  the  above  table  that  ewe's  milk  is  the 
richest  of  all  milks,  while  the  milk  of  the  aas  is  rich  in  sugar, 
but  poor  in  butter  and  casein.  It  will  also  be  observed  that 
human  and  cow's  milk  are,  on  the  whole,  much  alike,  and  hence 
the  last  may  be  substituted  for  the  first.  The  human  milk 
examined  by  Simon  soon  after  delivery  was  rich  in  sugar  and 
fat,  the  amount  of  the  latter  being  nearly  double  that  found 
in  ordinary  milk.  Vemois  and  Becquerel  foimd  in  the  ash  of 
human  milk  6*9  per  cent,  of  calcium  carbonate,  70*6  per  cent,  of 
calcium  phosphate,  9*8  per  cent,  of  sodium  chloride,  7*4  per  oent. 
of  sodium  sulphate,  and  5*3  per  cent  of  other  salts. 

Milk  is  often  adulterated  with  water,  flour,  brain-subetanoe, 
almond  emulsion,  chalk,  &c.  These  adulterations  may  be  readily 
detected  by  microscopical  examination. 


PARTHENOGENESIS. 

By  parthenogenesis  (from  ^-^f/ium,  virginity ;  yiwrir,  genera- 
tion) wc  understand  the  production  of  offspring,  unlike  their 
parents,  which  may  take  place  without  a  true  act  of  fecundation, 
that  is,  without  at  each  birth,  a  necessary  union  of  the  male  and 
female  elements.  This  process  had  been  previously  called  by 
Steenstrup,  alternate  generation.  But  many  of  the  facts  de- 
scribed under  this  term  refer  not  so  much  to  an  alternate  as  to 
a  continuous  development.  Thus,  many  insects  spend  part  of 
their  lives  as  a  worm,  and  part  as  a  moth.  The  moth  produces 
the  worm,  and  the  worm  produces  the  moth ;  but  this  is  not  an 
alternate,  but  a  different  phase  of  the  same  generation.    So  a 
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Kirrect  knowledge  of  the  development  of  tlie  Meduta  a 
nhewn  th^t  what  nalnntliHtH  hnd  coiiHidered  to  tie  four  dJHtiuct  1 
iwitnals  are  ia  fact  only  different  stages  in  the  development  of  1 
one  animal.  The  fomintion  of  the  Aphis  is  eapeeuUIy  atlnded  '^ 
to  hy  8l«enstnip,  Several  of  these  inaecta  are  produced  from. 
the  mother,  and  each  may  proUace  others,  although  it  is  only  i 
certain  of  them  which  become  tranafonned  into  a  fly.  B 
the  generation  of  a  plant  laaj  be  called  alternate  in  the  sai 
sense  as  it  is  used  iu  the  cAse  of  the  Medusa  or  the  Aphis,  iu 
much  as  the  seed  produces  a  root  and  a  leaf-bui),  which  proce«dI 
to  develop  other  leaves  before  they  finally  produce  flowers  wilJl'J 
seed  like  that  from  which  the  phint  originated.  The  term  J 
parlhenogtneiU,  therefore,  proposed  by  Owen,  is  the  more  corrMi  \ 
one,  and  the  following  are  einmples  of  this  process : 

1.    The  development  of  the  Tape  Worm,  <fc.— The  r 
of  Helrainthologists,  but  es|iecially  of  Siebold,  Van  Benedeg 
Diijardin,  Steenstrup,  and  Blanchard,  have  cleared  away  t' 
mystery  which  has  ho  long  hung  over  the  origin  of  tape  n 
and  other  entozoa.     It  seems  cow  determined  that  tape  w 
&re  only  further  stages  of  development  of  cysticerci,  as  I 
ai-e  only  further  stages  in  grovrth  of  certain  cercarite. 

Professor  Siebold  first  pointed  out  that  the  ct/ttieercUM  ftun 
laris  found  in  the  liver  of  the  mouse,  reaches  its  ultimate  at 
of  development  in  the  intestines  of  the  cat,  and  is  there  ti 
formed  into  the  tanra  cramcoUi*.    This  fact  was  confirmed  liy 
a  careful  series  of  observations  made  by  Dr  Henry  Nelson,  who, 
in  his  thesis  presented  to  the  University  of  Edinburgh  in  1^0, 
carefully  tracea  and  figures  all  the  various  stages  which  the  tape 
worm  of  the  cat  posses  throagh.    Each  joint  of  this  worm  w  J 
estimated  to  contain  125,000  ova,  which  gives  for  the  enti».V 
animal  about  12,500,000.    These  minute  bodies  pass  off  by  thsil 
fieces  in  inoaloulable  numbers,  and  enter  into  the  body  of  tbt  m 
mouse,  mixed  with  its  food  or  drink,  or  by  lickiug  its  furry  cok^  J 
to  which  they  adhere.    From  the  alimentary  canal  of  tbe  B 
they  may  enter  the  liver  of  that  animal  in  three  ways — Ist-lj 
They  may  ascend  the  bile  ducts.     2d.  They  may  pass  tfaroogll  J 
tJie  conts  of  the  intestine,  and  penetrate  the  adjoining  portion 
the   liver.      3d.  They  may   bore   their   way   into   one   of  tiwj 
mesenteric  veins,  and  be  carried  by  the  blood  along  the  t 
porta  to  the  liver.    Dr  Nelson  cousideta  the  ktter  to  be  t 
most  correct  view,  as  he  shews  that  the  ova  are  fuinishadlfl 
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with  temporary  t«eth,  whicli  enable  them  to  piun«  the  tissues. 
Tli&t  tliej  do  not  perforate  the  iiitestiue,  and  so  get  iuto  the 
liver,  is  dhewn  by  the  fact  tliat  they  are  morit  developed  on  the 
suifoce  of  that  organ,  aad  least  so  ia  its  interior.  Neither  Hre 
they  fouiid  especjidly  in  the  biliary  ducts,  like  the  dittn-mala. 
Hence  the  blood  seems  to  be  the  channel  of  their  introductioD, 
an  idea  still  further  supported  by  facts,  the  number  of  which  is 
rapidly  augDieutiug,  demoustrstiiig  entozoa  in  various  stages  of 
developmeut  existing  iu  the  blood  itaelf.  Arrived  at  the  liver, 
these  ova  are  tranaformed  iuto  egtticern  fatcvAarft,  tuid  would 
never  proceed  further  in  development  in  the  mouBe,  but  being 
eaten  by  tlie  eat,  they  become  tape  worms,  and  are  tranafonneii 
into  tania  rTaaieoUm, 

This  series  of  observatious  renders  it  probable  that  all  the 
various  kinds  of  tdeniaore  only  advanced  stages  gf  development 
of  different  cystieerci.  Dr  Nelaou  poiuts  out  that  "  the  head 
of  the  eyitkvrcut  crtluloto!  resembles  in  every  respect  that  of 
the  tiFaia  milium  of  nian.  The  two  fi^ires  given  by  Bremser 
are  identical,  if  we  allow  for  (.he  stretching  of  the  neck  in  the 
Utter.  Both  have  a  double  circle  of  hooks  1  and  although  the 
tonui  toiium  is  sometimes  found  without  any  teeth,  Breniser 
has  fully  proved  that  this  is  the  result  of  age,  and  not  the 
original  condition.  He  also  observed,  lliat  as  the  worm  increased 
iu  age,  one  row  of  the  double  corona  first  fell  off,  and  was  after 
a.  time  followed  by  the  other,  leaving  the  worm  thus  uuarmed." 
Besides,  nuut  feeds  on  animals  iu  which  these  cystieerci  are 
common,  especially  on  the  pig  and  sheep ;  and  it  has  been 
oltserved  that  in  countries  where  meat  is  often  ealen  raw,  as  iu 
Abyssinniit,  tape  worms  are'vety  common.  The  reason  of  the 
rar«  occurrence  of  t^niain  civilised  countries  is  probably  owing 
lo  the  cooking  of  food,  which  destroys  the  vitality  of  the  cystieerci, 
Occaiuouully,  however,  it  may  easily  be  conceived  that,  owing  to 
meat  being  very  underdone,  or  to  the  tenacity  of  life  in  certain 
of  these  cwatures  (many  of  them  resist  a  high  temperature  with- 
out injury),  tliey  may  escnpe  the  action  of  the  l«eth,  arrive 
living  iu   the  human  stomach,   and  be  converted  into  youug 

These  ideoH  with  regard  lo  the  origin  of  tape  wonus  have 
been  converted  into  certainties  Ly  ihu  experiments  of  Dr  KUeh- 
He  fed  dugs  and  cats  upon  parts  of  animals  which 
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contained  difTerent  kinds  of  cjaticerci,  and  aubseqnently  ftmnd 
the  tape  worms  into  which  these  had  been  ttansfomied  present- 
ing various  stages  of  development,  according  as  the  life  of  the 
animal  which  had  eaten  thecvBticerciwos  more  or  less  prolonged 
afterwards.  Every  precautioD  8eetn»  to  have  been  used  in  these 
experiments,  one  of  which  may  be  citeil.  An  old  dog,  during  a 
period  of  from  tax  to  ei^t  weeks,  was  frequently  purged  with 
castor  oil,  so  as  to  prevent  the  possibility  of  tape  worms  being 
present.  Outhe  18th  of  March  1651,  he  ate  food  containing  ten 
cysticercL  On  the  25th,  he  ate  as  many  more,  and  on  the  Ist 
of  April  several  others  which  were  not  numbered.  Ou  the  10th 
of  April  the  dog  was  killed,  and  thirty-five  ttenia  were  found  in 
the  intestines,  of  which  five  were  from  134  to  390  miUiutetre* 
(from  about  5  to  15  inches)  in  len^h,  and  possessed  from  130 
to  160  joints.  There  were  six  others  from  25  to  96  millimetres 
(1  to  5  inches)  in  length,  having  from  40  to  60  joints.  There 
were  twenty-one  others  which  measured  from  8  to  16  milli- 
metres (J  to  i  an  inch)  in  length,  in  which  the  joints  were  so 
indistinct  that  they  could  not  be  counted.  Lastly,  there  were 
three  measuring  from  4  to  5  millimetres  (l-6th  of  an  inch)  ia 
length,  in  which  the  joints  could  scarcely  be  distinguished. 
Considering  the  power  of  contraction  and  elongation  posseaaed 
by  these  worms,  their  length  vna  not  so  decided  a  chiiracter  of 
their  stage  of  development,  as  the  size  of  the  head  and  hook^ 
which  coiresponded  to  the  three  periods  in  which  the  cysticerci 
had  been  swallowed. 

On  feeding  dogs  upon  the  Liver  of  the  mouse,  containing  the 
C.  fatciolarU,  Dr  Kilehenmeister  never  found  ttenia  in  thft 
intestines.  But  when  he  fed  cats  on  the  same  liver,  the  ii 
tines  contained  the  tania  eratticMin.  This  observation  indicaM 
that  not  only  are  certain  cysticerci  transformed  into  c 
tfBuia,  but  that  the  former  require  certain  habitats,  or  peculiar 
animals  in  order  to  undergo  this  transformation.  Although  the 
present  amount  of  our  knowledge  does  not  enable  us  to  state 
from  what  kinds  of  cysticerci  many  species  of  toiuia  ore  formed, 
it  seenks  tolerably  certain  from  the  observations  of  Sieboldi 
Nelson,  and  KUchennieistcr  that  the  Cyiticerevt  /annQlarii  tS'% 
the  mouse  is  transformed  into  the  Tfmia  eramaoUit  of  the  cat ;:: 
the  C.  piti/ormu  of  hares  and  rabbits  into  the  T.  i 
of  the  foi  ;  the  C  tenuicollu  of  ruminantia  and  squirreb  jj 
the  T.  MTrala,  so  common  in  the  dog,  and  the  C.  ceUtdota  otl 
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the  pig  tuid  abeep,  into  the  Ttritia  noliam  of  mnn.  It  is  eJbo 
toterablj  certain  from  tbe  tibaervationa  of  Eschricbt  that  the 
Bothnocephalai  lattit  at  man  found  in  certain  countries,  espe- 
cially in  BugflJA,  is  the  further  developmeat  of  a  species  of 
Ligvla,  which  exista  in  large  numbera  in  the  flesh  of  the  dorse, 
und  other  fish  of  the  northern  seas.  Dr  Cobbold  has  shewn 
that  the  T.  Tnedio-candlala  is,  in  fiict,  the  most  common  tape 
worm  of  miui,  and  thst  it  iufest^  the  01  and  enters  the  human 
family  by  the  pi'ocess  of  eating  beef.* 
booklets,  but  four  Buckera. 

Tbe  import«ncH  of  the  head  of  tAp«  worms.so  tc 
by  ptBCtical  physicians  as  the  only  certain  proof  of  the  complete 
expulsion  of  the  worm,  has  also  received  an  explanation  from 
the  researches  of  Heliuiiithologiata,  into  the  anatomy  and  devel- 
opment of  these  animals,  Not withstsji ding  the  doubts  expressed 
by  Vui  Beseden  as  to  the  lateral  canals  being  conutKted  witli 
the  digestive  system,  and  his  notion  of  their  being  peculiar 
secreting  organs,  Dr  Nelson  in  bis  thesis  has  distinctly  traced 
them  into  the  suckers  of  the  tirnia  cratticiUit.  Prom  each  of 
the  four  suckers  a  canal  descends,  which  afterwards  unite, 
two  and  two,  to  form  the  lateral  canals.  He  also  cjU'efuHy 
describes  the  manner  of  feeding  and  propulsion  of  the  contents 
of  tliese  canals  from  the  cephalic  to  the  caudal  segment  Hence 
the  head  is  important  as  the  meaus  by  which  the  animal  is 
nourished. 

Buttheheod  isalso  important,  as  pointed  ont  by  Van  Beoeden, 
as  the  part  from  which  nil  the  joints  ore  thrown  off,  by  gemmi- 
ferous reproduction,  those  formed  first  being  pushed  down- 
wards, and  being  further  developed  as  they  go.  Hence,  why 
the  joints  are  narrow  near  the  head,  and  become  larger  and 
longer  near  the  tail.  The  latter  after  a  time  separate,  but 
oocording  to  Van  Benedeo,  may  still  go  on  developing,  and 
become,  he  thinks,  a  species  of  duke  or  distoma.  In  fact,  he 
considers  a  tape  worm  as  a  compoiind  fluke  worm,  the  whole 
consisting  of  three  Btngee  or  periods :  1st,  the  cystic  bead 
(Scoitu)  ;  2d,  tlie  compound  tape  worm  (_Slro/nia)  ;  3d,  the 
aeporntud  joints  {/'mghttis).  This  latter  view,  however,  is 
ofiposod  by  the  observations  of  Steenstrup  as  to  the  development 
of  the  fluke,  as  much  as  by  what  we  know  of  the  arrangement 
of  tile  nervous  and  digestive  systems  of  this  eutO20OU. 
d.  Tapevomu.    18M,    Appnidli. 
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[   of  the  aaimaU  forming  eoral   reeft 
or  walle  of  hard  materials,  growing  " 
ar  the  surface  of  the  water.     They 
larine  animals,  belonging  to  the  class 
I  Calenierata}.     These  form 
me  way,  budding  side  by  side  or  dividi 
and  while  so  multiplying  remaining  united  togethi 
form  a  larger  and  larger  mags.     The  buds  are  bo  urranged  that 
the  ends  have  &  hemispherical  form,  or  appear  like  branches 
dividing  and  subdividing.    This  is  owing  to  the  manner  in  which 
the  new  individuals  unite  with  one  another.     Each  speciea  d 
Polyp  haa  its  own  peculiar  mode  of  budding,  bnuiching,  And 
ramifying,  giving   to   it  as  distinct  an  appearance 
among  different  trees.    The  number  of  these  different  species 
very  great,  and  they  all  hare  uot  only  peculiar  features 
habits,  but  require  different  positions  in  the  sea.    There 
those  which  are  only  found  in  shallow  waters  ;  others  again 
water   two  fathoms  deep  ;  others  are   never  found  in  wat 
which  are  less  than  five  or  six  fathoms  deep  ;  and  others 
in  waters  at  least  ten  fathoms  deep.      These  peculiarities  a 
marked   among  corals  as  the  differences   we  observe   It 
distribution  of  plants  and  trees  on  mountain  slopes,  or  among 
animals  in  diSetent  localities.     The  mere  fact  of  the  water  being 
more  or  less  clear  is  enough  either  to  foster  their  growth  or 
cause  their  destruction.    The  animal  made  of  such  soft  anil 
tender  materials  must  be  very  nicely  and  evenly  adjusted  iu  its 
structure  to  be  able  to  bear  the  pressure  of  a  particulai'  depth 
and  no  other.     Eeuce  why  those  who  live  near  the  sur&ce 
conuot  exist  a  few  fathoms  deep  1 

A  coral  reef,  then,  is  a  structure  built  up  from  a  definil 
depth,  successively  and  gradually,  not  by  one  kind  of  coral, 
by  agreat  variety  of  kinds,  combining  together  and  forming 
their  joint  work  a  wall,  whidi,  from  a  given  depth,  may  end 
reaching  the  surface  of  the  water.  And  while  it  is  growing, 
this  wall  is  all  the  time  changing  its  builders.  It  is  not  ou« 
kind  that  commences  andcompletes  the  structure  to  theaununib. 
One  kind  dues  a  pari  of  the  work,  and  then  ceases  ;  another 
uouea  in  and  continues  the  work  for  a  while,  and  censes  i 
turn  -,  and  so  on,  till  it  is  completed. 

Suppose  we  have  a  slanting  shore,  and  that  at  600  feet 
tauce  from  the  shore  the  depth  is  10  or  12  fathom 
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would  commence  building  a  wall,  steep  towards  the  ocean, 
slanting  gently  towards  the  shore,  rising  in  the  end  towards 
the  level  of  the  water.  The  effect  of  muddy  water,  occasioned 
by  storms  and  tides,  raising  the  sand  and  mud  at  the  shore,  is 
to  destroy  the  corals  near  the  shore  and  prevent  the  building  of 
the  reef.  On  the  other  hand,  where  there  is  a  somewhat  steeply 
slanting  shoi*e,  and  the  water  is  pure  and  plentiful,  the  conditions 
are  most  favourable  to  the  animals.  Consequently  the  side 
towards  the  sea  will  be  built  almost  vertically,  and  will  grow 
more  rapidly  than  that  towards  the  land. 

It  having  been  ascertained  that  different  portions  of  the  reef, 
at  varying  depths,  are  built  by  different  species  of  corals,  and 
that  these  are  immovably  attached  together,  the  question 
arises,  Whence  did  these  new  corals  come  which  built  the  later 
portions  ?  It  is  now  kuown  that  this  results  from  free  polype 
ova  becoming  fixed  and  presenting  simply  various  degrees  in 
development  as  they  attach  themselves  to  different  elevations 
on  the  reef.  In  each  degree  of  development,  however,  a  similar 
form  may  be  reproduced  without  a  new  act  of  fecundation. 

This  story  of  the  coral  reef,  as  an  example  of  parthenogenesis 
among  animals,  would  not  be  complete  without  a  reference  to 
what  it  teaches  us  of  the  chronology  of  the  earth.  Now, 
Agassiz  has  determined  that  on  the  southern  coast  of  Florida, 
within  fourteen  years,  the  addition  in  the  way  of  a  crust 
of  corals  found  upon  the  foundations  of  Fort  Taylor,  does  not 
exceed  one  inch  in  depth  ;  therefore,  less  than  a  foot  would 
grow  in  a  century,  and  this  he  considers  is  overstating  the  rate 
of  growth.  It  would  take,  therefore,  six  thousand  years  to 
produce  a  reef  CO  feet  high,  which  is  the  known  depth  of  the 
inner  coral  reefs  on  that  coast.  But  outside  these  are  other  reefs 
which  must  have  grown  since  the  internal  ones  were  formed, 
because  without  the  existence  of  the  former,  the  coast  could  not 
have  presented  the  conditions  necessary  for  their  production. 
But  the  outer  reefs  are  as  thick  as  the  inner,  and  must  also 
have  taken  six  thousand  years  to  grow.  But  an  examination 
of  the  shore  proves  that  it  also  is  an  ancient  coral  reef,  and  for 
the  same  reason  must  have  been  formed  before  the  coral  reefs 
nearest  the  coast ;  in  that  we  have  a  third  item  of  six  thousand 
years  to  add  to  its  chronology.  Further,  within  the  shore  on 
the  Indian  hunting  grounds  are  eminences  called  hummocks, 
which  are  also  coral  reefs  concentric  with  the  shore,  and  formed 
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of  the  same  Hpecies  of  contls  ns  those  now  building  the  interim) 
reefs.    So  that,  if  there  be  any  accuracy  in  these  two  leading 
fiicts,  viz.,  that  the  rate  of  growtli  is  less  tliAD  a  foot  in  a  centuty, 
and  that  the  existence  of  an  outside  reef  precludes  the  foi 
of  a  reef  inside,  we  have  the  evidence,  in  the  existence  of 
four  consecutive  reefs,  that  twenty-tout  thousand  years 
there  was  a  sea  washing  the  plain  where  those  hummocks  are, 
and  that  no  reef  had  then  formed  bene:ith  them. 

Yet  this  is  not  all.  These  animals  are  of  the  same  kind  as 
those  that  live  now,  and  whnt  has  been  described  occurs  within 
a  narrow  track  of  fifteen  or  sixteen  miles,  Sixty  miles  in  the 
interior  is  a  lake,  up  to  the  shores  of  which  the  ground  consists 
of  similar  hummocks  formed  of  coral.  Nay  more,  the  whole 
peninsula  of  Florida  is  entirely  made  up  of  coral  reefs,  and  if  bo, 
we  txa  scarcely  escape  the  assumption  that  hundreds  of  thou- 
snuds  of  years  must  liave  been  required  for  the  anininls  to  build 
it  And  yet,  according  to  Agassiz,  this  must  be  nothing 
pared  to  the  a(^  of  the  world,  because  it  is  a  period  wittnB 
which  the  apecies  of  aninuUa  which  now  live  existed  on 
earth  1  That  is  to  say,  in  the  mind  of  a  geologist,  altOj 
modern  time  !* 

3.  Theditfdojiimeat  ofbea, — The  observations  of  a  distingui 
Apiarian,  M.  DKierzon,  of  Carlsmarkt  in  Silesia,  confined 
the  HcientiGc  researches  of  Frofessor  Siebold  as  to  the  reprodi 
tion  of  bees,  oflera  another  illustration  of  ParthenogeoeaiB. 

In  the  hive,  as  is  well  known,  there  are  three  seta  of  bees, 
the  queen-bee,  the  drones  or  male  bees,  and  the  workers,  which 
have  generally  been  called  neuters,  but  they  are,  in  fact,  in 
fectly  developed  female  bees.  The  queen  or  female  bee  is 
impregnated  once,  by  one  of  the  drones,  while  in  the 
during  what  is  called  the  nuptial  flight.  On  tliis  occasioi 
receives  into  a  receptacle  the  seminal  fluid,  which  is  suffii 
for  the  remainder  of  her  days,  and  her  impregnation  m, 
known  at  once  (as  the  receptacle  formerly  contained  limpid 
whereas  afterwards  it  is  white  and  opaque).  The  recept* 
cavity  lies  apart  from  the  ovary,  but  communicates  with 
oviduct,  from  which,  however,  it  can  be  shut  off  at  wilL 

The  workers  having  prepared  three  kinds  of  cells,  viz., 
cello,  worker  cells,  and  royal  cellH,  each  of  which  has  it 
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iwculinr  furni,  and  sixe,  the  queen  proceedH  to  deposit  an  eg; 
ia  each,  Inying  at  the  rat«  of  perhape  2IXI  a-dA_v,  or  12,000  it 
two  tnontliB.  lu  doiug  tiuB  she  taJieB  aire  to  bring  every  oni 
of  thoae  destined  for  the  royal  aud  the  worker  cells  ij 
tiict  with  the  Heniinal  fluid,  but  takes  equal  care  to  keep  free 
from  such  contact  every  one  of  those  destined  for  the  drone 
cella.  Sheisprobably  guided  in  thia  by  the  feel  of  the  iiidiviJual 
cells  which  she  visits,  the  requisite  proportions  and  number  of 
which  have  been  previously  niad«  by  the  workers.  In  due 
time  the  number  of  bees,  increasing  beyond  the  capacity'  of  the 
litve  to  hold  them,  a  swarm  comes  off,  headed  by  the  old 
queen,  who  leaves  bcr  place  iu  the  hive  to  be  supplied  by  one  of 
her  royal  daughters.  The  latter  heads  the  next  swarm,  which 
commonly  leaves  the  hive  within  from  seven  to  nine  days  after  the 
first,  and  during  the  nuptial  Sight,  she  is  duly  impregnated  by 
one  of  the  attendant  drones.  The  like  happens  with  the  other 
swarms  ;  and  after  the  departure  of  the  last,  a  struggle  for  the 
TBCftnt  throne  ensues  among  the  young  princesses  that  remain 
in  the  hive,  one  of  which  succeeds  in  i^aiuiDg  it,  while  the  others 
are  all  of  them  deiitroyed.  The  first  thing  done  by  the  young 
queen  is  to  get  wedded,  an  nff^r  seldom  delayed  beyond  a  day 
or  two  after  her  itecession,  and  invariably  celebrated  in  the  open 
air,  the  queen  leaving'the  hive  for  that  pnrpoee,  accompanied 
by  a  crowd  of  drones,  one  of  whom  she  selects,  and  returning 
to  the  hive  after  the  consummatioa  of  the  nuptials.  Within  a 
couple  of  days  tbereafti^r,  she  begiua  to  lay,  depositing  the  eggs 
with  the  precautions  in  respect  of  the  seminal  Hiiid  already 
noticed,  iu  order  to  maintniu  due  proportion  between  the  several 
sorts  of  bees. 

But  it  occasionally  happens  unfortunately  for  the  well-being 
of  the  community  that  from  some  defect  in  her  wiuga  iuc»iiaci- 
tating  her  for  flight,  a  qneen  cannot  leave  the  hive.  Her 
nuptials,  therefore,  are  not  celebrated  (and  she  remains  a  virgin). 
Possessing,  however,  all  the  fertility  of  a  wedded  queen,  and 
the  same  propensity  for  reproduoiug  the  species,  she  proceeds 
tn  lay  eggs  notwithstanding,  and  none  but  drone  bees  resulting, 
llie  evouomy  of  the  hive  is  subverted.  Young  workers  and 
queens,  it  is  true,  make  their  appearance  also  ;  but  they  an;  the 
progeny  of  the  old  queen,  who,  just  before  her  departure  with 
the  first  swarm,  had  laid  eggs  which  could  be  hatched  only  a 
little  while  in  advance  of  those  of  her  unhappy  successor.     As 
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soon,  therefore,  as  one  of  these  young  queens  becomes  com- 
petent for  duty,  ehe  attacks  the  reigning  sovereign,  and  takes 
poasessiou  of  the  throne.  Thereupon  a  general  massacre  of 
the  redundant  workers  and  drones  takes  place,  aud  the  bod; 
politic  ia  again  restored  to  its  natural  condition.  Sometimes 
a  hire  has  no  queen  at  all.  In  that  case  Leiickart  found  that 
if  a  worker  bee  be  fed  with  royal  food  it  is  transformed  into 
a  queen.  This  consists  of  a  peculiar  paste  prepared  in  the 
digestive  organs  of  the  workers  instead  of  pollen  aud  honey.* 

Such  are  the  facts  from  which  it  follows  that  male  animals  in 
insects  may  be  produced  independently  of  the  union  of  the  ova 
-with  spermatozoids,  in  the  some  way  that  buds  are  thrown  out 
in  trees,  or  new  polype  Leads  are  formed,  without  a  distinct 
act  of  generation.  Un impregnated  ova  in  insects  are  analogous 
to  the  successive  bnds  in  a  tree,  which  are  annually  capable  of 
being  fertilised,  although  they  are  not  ail  so.  The  i]ueen,  in 
this  respect,  is  like  a  tree,  uniting  two  modes  of  development — 
seminal  or  oviviparoua,  and  gemmiparous.  She  is  a  female  iu 
form  only,  not  in  reality.  She  has  the  appurtenances  of  a 
female,  but  the  attributes  of  a  male  ;  and  ia,  in  fact,  a  male  in 
a  higher  sense  than  even  the  drone.  She  is  a  typical  bee, 
adequate  of  hurself  to  reproduce  her  kind  in  its  highest,  which 
is  the  male  form,  and  requiring  only  the  co-operation  of  an 
ordinary  male  te  reproduce  herself  in  order  to  iJie  production 
of  those  master  bees  which  are  the  moiuspring  of  the  whole 
economy  of  the  hive.  Her  ovary  is,  properly  speaking,  a 
j/emmariuT/i,  the  products  of  which  she  herself  fertilises  at  will 
by  shedding  on  the  germa  or  ova  the  semen  stored  up  in  her 
receptacle. 

4.  T/ie  dceelopntBTil  of  the  apkidet,  or  jiant  liee. — In  1746, 
Bonnet  directed  the  attention  of  physiologists  to  the  develop- 
ment of  the  aphides  or  plant  Lee,  a  process  of  true  partheno- 
geneBis.+  At  Die  close  of  summer  the  impregnated  ova  of  the 
Aphis  ai-e  depoi^ited  iu  the  iLxila  of  the  leaves  of  the  plant  infeBt«d 
by  the  insect,  and  these  ova  are  hatched  the  following  spring,  a 
wingless  six-footed  larva  being  produced.  These  larvie  will 
produce  a  brood  of  eight  wingless  larvis  like  themaetves  witlt- 
out  any  connection  with  tbe  miUe.    No  winged  males  are  to  be 

•  S«  Siebold,  On  Purtluinn^nwHi,  InuBlued  by  D&Uu,  1 
On  Uw  Seed  Md  thii  Olid,  pp.  JS,8,  T. 
r  Boamt:  "TnKfd'lnnclulDele,  ■mObacmliunxurluF 
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found  at  this  period.  This  procreation  from  a  virgin  mother 
will  go  on  to  the  eleventh  generation  before  the  influence  of 
the  original  impregnation  has  been  exhausted.  At  this  period, 
however,  individual  growth  obtains  the  mastery  over  the  repro- 
ductive capacity,  and  some  members  of  the  last  brood  are 
changed  into  winged  males,  while  others  become  ordinary  egg- 
bearing  females.  These  latter  are  impregnated  by  the  males, 
and  then  the  process  is  repeated  the  following  year.* 

Natural  Selection. 

But  while  that  peculiarity  of  reproduction,  named  partheno- 
genesis, is  of  great  importance  in  enabling  us  to  understand 
the  numerous  varieties  of  forms  which  exist  among  the  inverte- 
brata,  another  principle-^that  of  natural  selection — has  recently 
been  referred  to  by  Mr  Darwin,f  which  helps  us  to  account 
for  the  origin  of  species  and  the  variations  which  exist  among 
animals,  as  the  result  of  sexual  generation.  We  have  previously 
alluded  to  the  fact  that  the  external  chai'acteristic  form  is  gene- 
rally determined  by  the  male,  while  the  bulk  and  internal 
qualities  are  dependent  on  the  female.  Of  this  there  are  many 
examples. 

1.  Hybrids  between  the  horse  and  the  ass. — A  male  ass  and  a 
mare  produce  a  jmdey  while  a  stallion  and  a  female  ass  produce 
a  hinny.  In  the  first  case,  the  ears  are  long,  the  tail  tufted, 
the  feet  small,  and  the  animal  brays.  In  the  second  case,  the 
head  is  that  of  the  horse,  with  short  ears,  the  legs  coarse  and 
strong,  and  the  animal  neighs. 

2.  The  case  of  the  otter  sheep. — Another  remarkable  example 
is  that  of  the  Ancou,  or  otter  sheep.  "  A  farmer  in  Massachu- 
setts possessed  a  flock  of  fifteen  ewes  and  a  ram  of  the  ordinary 
kind.  In  the  year  1791,  one  of  the  ewes  presented  her  owner 
with  a  male  lamb,  differing  from  its  parents  by  a  proportionally 
long  body  and  short  bandy  legs,  whence  it  waslmable  to  emulate 
its  relations  in  those  sportive  leaps  over  the  neighbouring 
fences,  in  which  they  were  in  the  habit  of  indulging,  much  to 
the  good  farmer's  vexation.  His  neighbours  imagined  that  it 
would  be  an  excellent  thing  if  all  his  sheep  were  endued  with 
the  stay-at-home  tendencies  inforced  by  nature  upon  the  newly- 

•  Owen,  On  Parthenogenesis,  p.  24.    1849. 

t  Darwin,  On  the  Origin  of  Species  by  means  of  Natural  Selection,  or  the  PreMr- 
vation  of  Favoured  Races  in  the  Struggle  for  Life. 
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arrived  ram,  and  they  advised  Wright  to  kill  the  old  patrinrch 
of  hia  fold,  and  instal  the  Aucon  ram  in  his  place.    The  result 
justified  their  SHgocious  antiaipattons.    The  joung  Iiuubs  were 
almost  always  pure  Ancona,  or  pure  ordinary  i" 
aofficieut  Ancou  sheep  were  obtained  to  iuterbreed  with 
another,  it  waa  found  that  the  offspring  waa  always  pure  Aii( 
In  this   well-authenticuit«d  instauce  we   have   a   distinct 
estabUahed  at  once,  or  by  ti  leap,  and  that  race  breeding 
When  tlie  Aiicon  sheep  were  bei'ded  with  other  sheep  they  kept 
together,  so  that  it  wua  believed  that  this  breed  might  have 
been  indefinitely  protracted,  had  it  not  beeu  superseded  by 
introductiou  of  the  Merino  sheep,  which  were  not  only 
to  tbe  Aucous  ill  wool  and  meat,  but  were  equally  quiet 
orderly.* 

3,  The  dw  of  Grtaio  KeSeia.—A  M  altese  of  the  name  of  OratI< 
Kelleia  was  bom  with  six  fingers  upou  each  hand,  and  sis  toe« 
upon  each  foot.  He  married  a  kdy  having  the  usual  number  of 
fingers  and  toes.  The  result  of  the  marriage  was  four  children : 
the  first,  Salvator,  hod  six  fingers  and  six  toes  ;  the  second, 
George,  had  five  fingers  and  toes,  but  one  was  deformed  ;  the 
third,  Andr^,  had  fire  fingers  and  toes,  perfect ;  and  the  fourth, 
a  girt  christened  Marie,  bad  five  fingers  and  five  toes,  hut  her 
thumbs  were  deformed.  Tliese  all  grew  up  and  married  five- 
fingered  and  five-toed  individuals.  "  Salvator  hod  four  children ; 
they  were  two  boys,  a  girl,  and  another  boy  ;  the  first  two  boys 
and  the  girl  were  siz-fiugered  and  six- toed  like  their  grandfather; 
the  fourth  boy  had  only  five  fingers  and  five  toea  Geoi^  h&d 
only  four  children  :  there  were  two  girls  with  six  fingoi 
six  toes  ;  there  was  one  girl  with  six  fingers  and  five  toes 
right  aide,  and  five  fingers  and  five  toes  on  the  left  side,  SO 
she  was  half  and  half.  The  last,  a  hoy,  had  five  fingers  anil 
toee.  Tiie  third,  Andrt,  you  will  recollect,  waa  perfectly 
formed,  and  he  had  many  children  whose  hands  and  feet  were 
all  regularly  developed.  Marie,  the  last,  who,  of  course,  married 
a  man  who  had  ouly  five  fingers,  had  four  children  :  the  first,  a 
boy,  was  bom. with  six  toes,  but  the  otlier  tliree  were  nonnaL 
....  Now,  what  would  have  happenedif  these  abnormal 
had  intermarried  with  each  other — that  is  to  say,  suppt 
two  buys  of  Salvator  liad  taken  it  into  their  heads  to 

■  Builoy:  WcstiuliuKT  Roiion',  1300.    Anicle  on  Uuvin,  '■  On  tb 
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their  first  cousins^  the  two  first  girls  of  George,  their  uncle? 
You  will  remember,  that  these  are  all  of  the  abnormal  type  of 
their  grandfather.  The  result  would  probably  have  been,  that 
their  offspring  would  have  been  in  every  case  a  further  develop- 
ment of  that  abnormal  type.  You  see  it  is  only  in  the  fourth, 
in  the  person  of  Marie,  that  the  tendency,  when  it  appears  but 
slightly  in  the  second  generation,  is  washed  out  in  the  third ; 
while  the  progeny  of  Andr6,  who  escaped  in  the  first  instance, 
escape  altogether."  ♦ 

4.  The  case  of  Lambei't,  the  porcupine  man, — Another  example 
of  hereditary  transmission  is  the  remarkable  case  of  Edward 
Lambert,  "the  porcupine  man."t  In  1755,  he  was  about 
forty  years  of  age.  His  skin  seemed  like  a  "dusky-coloured 
thick  case,  exactly  fitting  every  part  of  his  body,  made  of  a 
rugged  bark  or  hide,  with  bristles  in  some  places."  .  .  .  .  "  The 
bristly  parts,  which  were  chiefly  about  the  belly  and  flanks, 
looked  and  rustled  like  the  bristles  or  quills  of  a  hedgehog 
shorn  within  an  inch  of  the  skin."  The  remarkable  point  in 
this  man's  story,  reports  Mr  Henry  Baker,  is,  "  that  he  had  six 
children,  ail  with  the  same  rugged  covering  as  himself ;  the 
first  appearance  whereof  in  them,  as  well  as  in  him,  came  on  in 

about  nine  weeks  after  the  birth It  appears  therefore  past 

all  doubt,  that  a  race  of  people  may  be  propagated  by  this  man, 
having  such  rugged  coats  or  coverings  as  himself  ;  and  if  this 
should  ever  happen,  and  the  accidental  original  be  forgotten,  'tis 
not  improbable  they  might  be  deemed  a  different  species  of 
mankind :  a  consideration  which  would  lead  one  to  imagine, 
that  if  mankind  were  all  produced  from  one  and  the  same  stock, 
the  black  skins  of  the  negroes,  and  many  other  differences  of  the 
like  kind,  might  possibly  have  been  originally  owing  to  some 
such  accidental  cause."  This  man  evidently  suffered  from  a 
disease  termed  Icthyosis  {'x^'^f*  ix^»'»ti  a  fish),  an  affection  of  the 
skin  which  he  transmitted  to  his  children,  and  according  to 
another  authority,  to  two  grandchildren. 

The  principle  of  natural  selection  has  been  extensively 
applied  by  Mr  Darwin  to  explain  the  origin  of  species.  Ac- 
cording to  him,  every  animal  and  plant  is  capable  of  increas- 

*  Huxley  *'  On  our  Knowledjire  of  the  Causes  of  the  Phenomena  of  Organic 
Nature.    Six  Lectures  to  Workings  Men."    1863.    Pp.  96-07. 

t  "Philosophical  Transictions/'  vol.  xlv.  No.  100,  1730,  and  afterwards  In 
vol.  xlix.,  part  i.,  for  1755. 
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ing  with  BUch  rapidity,  tliat  if  it  were  unchecked  by  other 
Bpecies,  it  would  hood  occapy  the  grenter  jjurt  of  Ihe  habitable 
globe.  But  in  the  tlnir/gle  for  a^ittnce,  fev  only  of  those 
which  are  brought  into  thtt  world  can  obtain  food  and  arrive 
at  taitturity.  It  miitit  be  evident  that  the  weak  succomb 
and  the  strong  remain.  We  have  the  turvival  of  Ihe  /iltrat. 
Now,  slight  accidental  causes  may  occasion  varidtionH,  which 
being  transmitted  become  more  and  more  marked  and  pet^ 
manent,  so  that  the  various  conditions  which  influence  lift 
such  as  climate,  locality,  food,  &c. — may  influence  the  speciM 
animals.  In  any  given  species,  those  alone  survive  which  ha.ft 
some  ail  vantage  over  the  othera,  and  this  is  o[t«n  determined  by 
n  slight  peculiarity  capable,  in  a  severe  competition,  of  turning 
the  scale  in  their  favour,  atich  &s  the  poasibility  of  procuriog 
food  during  the  least  favourable  EeasouB,  and  of  escaping 
attacks  of  their  most  dangerous  enemies.  These  pecuUaritii 
are  transmitted,  and  thus  we  have  a  species.  We  hare 
admirable  examples  of  the  principle  of  selection  ia  breedingii,, 

1.  TAe  varieliei  of  dogt. — The  numerous  varieties  of  dogs, 
from  the  Newfoundland  or  St  Bernard  to  the  lap-dog  or  terrier, 
ai-e  believed  by  Darwin  to  be  produced  from  not  more  tliau  two 
or  three  wild  species.  John  Hunter  maintained  tlint  the  wolf, 
the  dog,  and  the  jackal  were  all  of  one  species,  because  he  had 
found,  in  two  experiments,  that  the  dog  would  breed  both  with 
the  wolf  and  the  jackal ;  and  that  the  mule,  in  each  case,  would 
breed  again  with  the  dog. 

2.  The  varieliet  of  piffBont, — Prom  the  conimon  rock  pigeon 
{Coljoidia  Lifia)  no  fewer  than  liiO  distiuct  races  of  domestic 
pigeons  have  been  produced.  These  all  have  received 
iLud  breed  true  ;  and  at  leant  twenty  of  them  would  b« 
by  an  ornithologist,  if  he  shot  them  in  the  woods,  a« 
defined  species  ;  while  extreme  forms,  such  as  the  short-ftced 
Nimbler,  the  pouter,  and  ttie  fan-tail,  would  not  lie  placed  in 
even  the  same  genus  as  the  rock  pigeon.  Among  pigeons, 
pigeon  fanciers  can  produce,  by  cross  breeding,  not  only  differ- 
ences iu  outward  form,  but  they  find  even  the  number  and  size 
of  many  of  the  bones  changed. 

Atavi$m. — It  is  remarkable  that  now  and  again  we  find  in 
the  offspring  of  all  tame  pigeons  some  peculiar  characteristic  o£., 
the  rock  pigeon,  especially  in  the  plumage.    This  reappeoi 
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of  marks  of  an  old  progenitor  is  termed  atavism  {atavus,  an  old 
grandsire).  SimiLor  facts  have  been  observed  among  other 
animals. 

Sexual  Selection. 

Other  circumstances  have  recently  been  pointed  out  by  Mr 
Darwin  as  producing  permanent  differences  in  form  among  men 
and  animals.''^  He  believes  that  the  sexual  instincts  and  passions 
have  a  powerful  influence.     For  example  : 

1.  Law  of  battle, — Among  animals  there  is  a  law  of  battle, 
that  is,  the  males  tight  for  possession  of  the  female,  and  any 
male  possessing  a  peculiarity  giving  him  an  advantage  in  the 
contest  over  his  opponent,  obtains  the  female,  and  in  accordance 
with  the  law  already  stated  (p.  415),  transmits  this  peculiarity 
to  his  descendants.  This  holds  good  to  the  present  day  among 
barbarous  nations.  "  Tbere  can  be  little  doubt,"  writes  Mr 
Darwin, "  that  the  greater  size  aud  strength  of  man,  in  com- 
parison with  woman,  together  with  his  broader  shoulders,  more 
develojied  muscles,  rugged  outline  of  body,  his  greater  courage 
and  pugnacity,  arc  all  due  in  chief  part  to  inheritance  from 
some  early  male  progenitor.  These  characters  will,  however, 
have  been  preserved  or  even  augmented  during  the  long  ages 
whilst  man  was  still  in  a  barbarous  condition  by  the  strongest 
and  boldest  men  having  succeeded  best  in  the  general  struggle 
for  life,  as  well  as  in  securing  wives,  and  thus  having  left  a  larger 
number  of  offspring. "f 

2.  Voice. — According  to  Mr  Darwin,  voice  and  musical  powers 
are  influential  in  reference  to  the  propagation  of  the  species. 
Among  all  Mammals,  the  males  use  their  voice  more  daring 
the  breeding  season  than  at  any  other  time.  The  females  use 
their  voice  as  a  love-call.  The  male  Gibbon  has  a  loud  musical 
voice,  and  according  to  Owen,  this  anthropomorphic  ape  "  may 
be  said  to  sing."  Mr  Waterhouse  thinks  it  highly  probable 
it  utters  its  musical  notes  during  the  season  of  courtship. 
"  Women  are  generally  thought  to  possess  sweeter  voices  than 
men,  and  as  far  as  this  serves  as  any  guide,  we  may  infer  that 
they  first  acquired  musical  powers  in  order  to  attract  the  other 
sex.  But  if  so,  this  must  have  occurred  long  ago,  before  the 
j)rogenitors  of  man  had  become  sufficiently  human  to  treat  and 
value  their  women  merely  as  useful  slaves.    The  impassioned 

*  Darwin,  "  The  Descent  of  Man  and  Selection  in  relation  to  Sex,**  1871. 
t  "  Descent  of  Man,"  Ac,  p.  325. 
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orator,  banl,  or  musician,  when,  with  his  varied  tones  a 
cftdencea,  he  excites  tbe  stroDgest  emotions  in  his  hearen,  litth-  ] 
suspects  that  he  uses  the  Ram«  meaus  hy  which,  at  im  extremdy  I 
remote  period,  bis  htUf-liumrui  ancestors  aroused  each  otberV  J 
ardent  piwaiona  during  their  mutual  courtsliip  and  riTalry."  ■ 

a.  Idea  of  tin  btaali/u!..^lt  ia  well  kuowu  thiit   differeiU>| 
races  of  mankind  have  different  ideas  of  personal  bsaaty,  t 
Ihnt  great  care   is  taken  of  those   iudividnals  po^easing  it  J 
Tlma  peculiarities  are  intensified  and  trauaniitted  through  maayl 
generationH  till  they  beoime  permanent.    Sexual  selection  tuM 
effected  muchinproducing  the  high  st.vle  of  beauty  found  among 
the  aristocracy  of  civilised  nations.     Members  of  wealthy  tami- 
lies,  in  which  primogeniture  haa  long  prevailed,  chose  front  all 
cbssea  th«  most  beautiful  iromea  aa  their  wives,  an 
quently  their  deaceudanta   become  more  handsome, 
certain  tribes  of  negroes,  nccordiug  to  Wiuwood  Reade,  the  n 
women  are  continually  eliminated  and  sold  as  alarea,  a  proclioft-^ 
which,  though  morally  wrong,  has  produced  tribes  remarkabls 
(or  their  "  uniformly  fine  appearance." 

Among  men,  both  savage  and  civilised,  mnny  causes  interfere 
with  the  action  of  sexual  selection,  but  we  know  enough  to 
confirm  the  opinion  tliat  in  this  matter  man  obeys  the  a 
hiwB  aa  regulate  iaferior  nuininJs. 

Such  is  a  very  brief  account  of  certain  of  Mr  Di 
ingenious  opinions.      No  oue  can   peruse  hia   works  v 
recogniaing  their  high  scientific  value  and  the  large  number  <K 
facts  brought  to  bear  on  the  inquiry.     Very  few  of  tltose  v 
ridicule   Mr   Darwin's   ideas   have   ever  read   his   books  t 
ezamiued  the  evidence  he  fumiuliea  in  support  of  his  doctrinea 

It  has  long  been  known  that  many  diseases  are  hereditarjr  {j 
but  it  has  recently  been  pointed  out  by  Browu-Secjuard  t" 
epilepsy  induced  iu  Guinea-pigs  is  often  transmitted  to  Ifaei 
offspring,  even  when  produced  artiticiolly.  He  has  found  t 
in  these  auimals  a  morbid  condition  of  the  nervous  system 
caused  by  section  of  one  lateral  half  of  the  apiiml  cord,  oi 
the  posterior  columus  rcacbiiig  to  the  coruuffi  of  grey  matter,  c 
of  the  sciatic  nerve,  and  also  in  some  cases  by  the  simple  punc- 
ture of  the  apinid  cord.  Uuder  any  of  these  conditiona,  true 
epileptic  attacks  may  be  readily  produced  by  piuchiug  the  akin 
of  the  cheek.  Many  Guinea-pigs  surrive  the  opemtioii 
breed  ;  and  in  the  young,  convulsive  attacks  may  be  produce 
*  "  Oouiaal  Uu,"  p.  SK. 
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in  the  same  way.    Here  we  have  a  disease  artificiallj  produced, 
yet,  nevertheless,  faithfully  transmitted.* 

HETEROGENESIS. 

By  heterogenesis  (from  Irt^^t,  diverse,  different ;  yUt^it)  we 
mean  the  production  of  living  beings  without  parent8.f 

History. — This  subject  has  engaged  the  attention  of  physiolo- 
gists since  the  days  of  Aristotle.  He,  as  well  as  most  of  the 
naturalists  who  lived  previous  to  the  time  of  Harvey,  were  of 
opinion  that  dust,  decomposed  flesh,  and  other  dead  substances 
might,  under  the  influence  of  heat,  air,  and  water,  give  rise  to 
vital  organisms.  This  mysterious  process,  by  a  singular  per- 
version of  language,  has  been  called  spontaneous  generation. 
Francis  Redi,  a  physician  of  Florence,  was  the  first  who  clearly 
demonstrated,  in  1638,  that  the  larvse  and  worms  found  in  a 
dead  body  were  not  produced  by  putrefaction,  but  originated 
from  flies'  eggs  deposited  in  the  flesh.^  The  researches  into 
generation,  of  William  Harvey,  led  him  to  announce  the  law, 
**  Omne  vivum  ex  ovo."  Since  his  day  the  belief  has  been 
general,  that  all  animals  and  plants  are  derived  from  eggs  or 
seeds ;  that  vitality  is  always  transmitted,  and  never  created ;  and 
that,  where  these  fundamental  principles  cannot  be  recognised, 
the  minuteness  of  the  germs  and  their  wide  diffusion  throughout 
nature,  and  more  especially  in  the  atmosphere,  offer  a  sufficient 
explanation  of  what  may  appear  mysterious.  Nature,  it  was 
argued,  must  be  uniform  in  her  operations,  and  analogy  warrants 
our  supposing  that  the  same  law  of  generation  which  applies  to 
the  higher  animals  and  plants,  is  equ^Iy  applicable  to  the  lower.§ 

•  Brown  S^iiard  :  Archiv.  g£n.  de  medecine.  Fevrler,  1850.  VoL  tII.  p.  U9. 
Mara-Arrll,  iseo,  p.  211. 

t  Dr  Bftiftian  proposes  the  word  Archebiosia  (t^X^t  beginning,  an*!  /3i«f ,  life)  to 
express  the  production  of  living  organisros  from  non-living  materials,  while 
Ileterogcnesis,  according  to  him,  is  the  production  of  living  beings  from  pre- 
existing organisms  living  or  dead.  But  all  living  creatures  originate  from  organic 
matter  which  has  once  lived,  such  as  the  material  dissolved  In  an  Infusion, 
according  to  the  law  of  molecular  organisation  as  explained  (p.  46).  I  there- 
fore regard  it  as  better  to  define  the  terms  Homogeneals,  Parthenogenesis,  and 
Ilctero^nesis,  as  they  will  be  found  in  the  text. 

t  **  Experimenta  circa  Oenerationem  Insectonim.** 

i  Most  of  the  arguments  on  the  other  side,  that  Is,  in  favour  of  Heterogeneab, 
will  be  found  well  sUted  by  Burdach  ("  Physiologie.**  tome  i.  p.  8,  «t  seq.)^ 
arguments  admitted  by  Allen  Thomson  '*  to  throw  the  balance  of  eridenoe  In 
favour  of  the  spontaneous  production  of  Infutcnia,  mould,  and  the  like.**  (Todd's 
"  Cyclopaedia,"  article-  Generation,  voL  iL  p.  480.    1839.) 
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The  orn,  seeds,  and  primary  cella,  Lowever,  which  were  «np- 
poMed  to  be  floating  in  the  atmosphere,  thougli  constantly  looked 
for,  even  with  the  most  poweiful  modem  micrfiBOOpes,  can  no- 
where be  found,  iuid  more  careful  inveHtigntion  of  the  nnmeroDfl 
forms  of  life  which  spring  up  in  putresceut  and  fenneoted  fluids 
liave  utterly  failed  in  connecting  them  with  pre-existing  genua. 
'Many  scieutiflc  men,  therefore,  who  had  personally  investigatAd 
the  subject,  were  once  mote  led  into  the  belief  in  an  equivocal  or 
doubtful  generation  of  the  lowest  forms  of  nnimal  and  vegetable 
life.  This  belief  was  strengthened  by  the  appearance,  in  1846, 
iif  a  Memoir  *  by  M.  Pineau,  carefully  describing  the  evolntiou 
uf  organisms  ill  the  pellicle  on  the  surface  of  iof  tisions,  and  more 
especially  in  1859,  of  a  remarkable  work  by  M.  Pouchet,  entitled 
"  Heterogenesis,  or  Spontaneous  Generation,"  aa  distinguished 
from  Homogenesia,  or  Generation  from  Parents.  This  book 
contains  numerous  original  experimenU  and  observatioaJiil 
made  by  the  author,  proving,  as  he  thinks,  that  infusoriKrl 
originate  in  a,  finely  molecular,  or,  ok  he  calls  it,  proligeromtff 
pellicle  on  the  surface  of  decomposing  fluids,  without  pre-existing ■ 
cella  or  germs  of  any  kind,  aud  therefore  independeully  c" 
parents. 

The  publication  of  this  book  has  led  to  a  controversy  whi 
has  continued  up   to  the   present  moment      The   theory   i 
atmospheric  genua,  or  that  -of  the  Panspormatists,  lias  \ 
sustained  by  M.    Pasteur,    who,   by  new  experimenta, 
revived  the  doctrine  that  fermentation  and  putrefaction  are 
not  chemical  processes,  as  haa  been  maintained  by  Liebig,  but 
physiological  phenomena  dependent  on  living  germs  derived 
from  the  atmosphere.     These  experiments  have  alt,  however,   . 
been  since  repeated  by  Pouchet  and  others,  and  their  accuncrfyT 
as  well  as  the  correctnens  of  his  conclusions,  are  by  then)  utler^l 
denied.    An  extraordinary  amount  of  research,  ingenui^,  ao^fl 
talent  has  been  displayed  by  the  advocates  on  either  side,  t] 
results  of  which  will  be  found  recorded  in  numerous  commani>H 
cations  printed  in  the  "  Compt«a  Bcndus"  of  the  proceedings  of4 
the  Academy. 

Before  stating  more  particularly  the  arguments  advanced  by  I 
the  controversialists,  on  one  side  or  the  other,  I  propose  describ-  \ 
ing  shortly  the  results  of  some  iuvestigationa  undertaken  tiffl 
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myself,  with  a  view  of  determiDiDg  precisely  the  facts  of  the 
case,  and  the  natare  of  the  phenomena  which  have  excited  so 
much  discussion.  In  October  1863  I  commenced  a  series  of 
observations,  with*  the  aid  of  my  former  assistant,  Dr  Argyll 
Bobertson,  which  were  directed  (1st)  to  determine  with  exacti- 
tude, by  means  of  the  microscope,  the  changes  which  occurred 
on  the  surface  of  infusions  during  the  development  of  plants 
and  animals  there  ;  and  (2d)  to  ascertain  what  influence  the  air 
treated  in  various  ways  exercised  on  such  growths.  These 
observations  were  carefully  repeated  and  extended  in  October 
1864.  They  were  repeated,  and  numerous  other  experiments 
performed,  with  the  aid  of  my  late  assistant,  Dr  Butherford,  in 
1868 ;  and  my  present  assistant,  Dr  M*Kendrick,  has  also 
investigated  the  subject,  and  varied  the  experiments.  These 
investigations  naturally  divide  themselves  into  (1st)  observations 
by  means  of  the  microscope  as  to  the  development  of  infusoria ; 
and  (2d)  experiments  directed  to  destroy  the  supposed  germs  in 
the  atmosphere,  so  as  to  prevent  putrefaction. 

1.  Mode  of  development  of  infusoria. — ^This  has  already  been 
described  in  detail  (see  p.  46).*  Suffice  it  to  say,  in  any  vege- 
table or  animal  infusion  there  is  first  formed  on  the  surface  the 
proligerous  pellicle  of  Pouchet,  consisting  of  minute  molecules. 
Two  or  more  melt  together  to  form  a  bacterium,  and  several 
bacteria  unite  end  to  end  to  form  a  vibrio. 

The  movements  visible  in  the  molecules  and  filaments  vary 
according  to  the  amount  of  development.  At  first  the  mol^ 
cules  which  float  loose  in  the  fluid  exhibit  gyrations  which 
cannot  be  distinguished  from  Brunonian  movements.  When 
short  bacteria  are  formed,  these  exhibit  peculiar  vibrations, — 
often  turn  round  on  their  own  axis  in  various  directions,  and 
slowly  change  their  place.  They  rarely  dart  rapidly  through 
the  fluid,  or  exhibit  a  serpentine  motion.  But  when  the  vibrio 
is  formed,  the  filament  is  pushed  forward  with  greater  or  less 
velocity,  at  first  presenting  a  wriggling,  but,  as  it  becomes 
longer,  a  more  decided  seq>entiue  motion.    A  distinct  flexure 

*  The  powers  I  have  employed  for  the  lnTesti|(Ation  were  an  ezoellent  lent  of 
one-eighth  of  an  inch  focus,  by  Ross  ;  but  I  also  frequently  used  a  one-twelfth  of 
an  inch  by  the  same  maker,  and  the  immersion  lens  No.  10  of  Hartnaoh,  with 
varyinfif  powers  of  from  600  t4)  800  diameters  linear.  Occasionally  I  confirmed  my 
observations  with  a  lens  made  for  me  by  Messrs  Powell  k  Lealand,  of  one-twenty- 
fifth  of  an  inch  focus,  whereby  I  obtained  an  enlarn^ment  varying  from  1250  to 
2000  diameters  linear. 
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t.in  be  seen  ftt  certaiii  poiiitB  iu  the  filameuta,  between  tliQ^ 
gi-oupa  of  mokculiLr  chnins  «r  filaments.  Dumns  says  be  h 
seen  the  molecules  Aiid  bncteria  uuiting  endwaj's,  a  etatetnenta 
the  eorrectneaa  of  which  Poucliet  iloubts.*  On  two  o 
liowever,  I  wbb  so  fortunitte  as  lo  see  thia  occurrence, 

Fouclict  thought  tlutt  the  vibriouea  exuded  a  mucouH  niattM 
whereby  one  stuck  to  the  other.  If  so,  such  eiudsiJon  e 
only  be  poui'ed  uut  at  their  extremities,  us  thej  oiAj  unth 
lengthways,  never  crosswuys.  I  feel  ualis&ed,  however,  thatj 
the  reason  the  acttud  union  has  so  seldom  been  seen 
That  it  only  occurs  at  certain  periods  of  developracut,  i 
only  be  followed  by  the  eye  when  the  moveroeuts  ai-e  slow ; 
2i/,  That  iiraidst  such  a  multitude  of  minute  moving  bodies  it 
re4]uires  a  long  time  before  two  can  he  found  exactly  o 
plane,  aud  can  be  brought  so  accurately  into  focus  tjiat  tb«x^_ 
cuu  be  watched  for  a  sufficient  time.  Having,  however,  f 
two  instances,  actually  seen  the  coalescence,  I  can  have  n 
whatever  that  such  is  the  true  method  of  elongation.  Nuroerom  ' 
other  facta  seen  among  elongated  vibriones  support  this 

The  further  development  which  lakes  place  from  hiittogenelic 
auil  histolytic  changes  iu  the  proligerous  pellicle,  resulting  in 
the  production  of  various  forms  of  animal  and  vegetable  life, 
has  been  previously  described  (see  p.  47).  These  are  dependent 
ou  temperature,  season  of  the  year,  exposure  lo  sunlight,  and 
nature  of  tlie  infusion.  Iu  all  these  caaes  no  kind  of  animalcule 
or  fungus  is  evei  seen  to  originate  from  pie-eiUBluig  cells  or 
luger  bodies,  but  always  froju  molecules. 

According  to  Dr  Bastiau,  in  the  proligerous  pellicle  compoaed 
of  bacteria,  embryonal  axeaa  gradually  appear.  Ab  a  result  of 
segmeutatious  in  these,  apeoimena  of  Monoi  leia,  l-3300tb  in 
diameter,  mare  or  less  suddenly  make  their  appearance  ;  they 
increase  in  size,  occasionally  assume  an  amcolKiid  appearance  for 
a  time,  and  are  ultimately  transformed  into  real  ammbm.  Jk^ 
membrane  is  (oroied  around  them  and  they  become  eneystodjfl 
and  in  the  interior  of  some  of  them  there  spriuga  up  a  pro 
dL  new  bicteria,  the  production  of  which  occasions  their  f 
diasulutiou.  t  He  also  ilescribes  the  formation  of  i 
fungi  occurring  in  the  pellicle  at  tlie  same  time.£    That  1 
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should  sometimes  have  animalcules,  and  at  others  fungi,  is  a  well- 
known  fact,  the  exact  causes  or  conditions  producing  which  are 
not  yet  explained.  The  Panspermatists,  of  course,  are  of  opinion 
that  the  germs  in  the  atmosphere  are  of  many  kinds,  and  that 
as  they  fall  into  various  infusions  they  produce  different  results, 
in  the  same  manner  that  varieties  in  ova  or  seeds  develop  them- 
selves in  peculiar  localities  or  special  soils.  This  assumption, 
however,  seems  to  me  opposed  by  the  following  experiment : — 

If  an  infusion  be  phiced  iu  a  deep  glass  vessel,  which  again 
stands  in  the  centre  of  a  shallow  vessel  containing  the  same 
infusion,  and  the  whole  covered  with  a  large  bell  glass,  it  will 
be  found  in  eight  days  that  on  the  surface  of  the  former  are 
numerous  ciliated  animalcules,  while  on  that  of  the  latter  only 
bacteria  and  vibrios  exist  The  experiment  may  be  reversed, 
for  if  the  shallow  vessel  be  filled  to  the  brim,  and  the  deep 
vessel  has  only  its  bottom  covered,  then  the  ciliated  microzoa 
will  appear  in  the  former,  and  the  non-ciliated  in  the  latter.* 

As  a  result  of  these  experiments,  Pouchet  has  formularised  a 
law  to  the  effect  that  the  production  of  ciliated  animalcules  is  in 
an  inverse  ratio  to  the  square  of  the  surface,  and  that  the  pro- 
duction of  monads  is  in  a  direct  ratio  to  the  cube  of  the  mass  of 
the  same  fluid. f  To  this  law  I  have  met  with  some  exceptions, 
animalcules  having  been  produced  in  some  of  our  recent  experi- 
ments in  the  shallow  dish,  and  vegetations  in  the  deep  vessel, 
and  vice  versa. 

It  is  difficult  to  explain  how  germs  falling  from  the  air  on 
the  same  infusion,  under  identically  similar  conditions,  with  the 
exception  that  the  fluid  is  iu  vessels  of  different  forms,  can  vary 
the  results.  Whereas  the  fact  that  the  higher  infusoria  are 
formed  secondarily  out  of  the  disintegrated  mass  of  the  simpler 
ones,  which  can  only  take  place  where  that  mass  is  considerable, 
and  floating  on  the  surface  of  deep  fluids,  directly  confirms  the 
molecular  theory  of  growth,  and  offers  an  illustration  of  how 
successive  disintegrations  give  origin  to  different  formations  t 
(p.  4G). 

Tliat  the  infusoria  originate  and  are  developed  in  the  molecular 
pellicle  which  floats  on  the  surfjice  of  putrefying  or  fermenting 

♦  Pouchet'8  Nouvcllcs  Experiences,  &c.,  pp.  135,  243-245.    Parit,  1864. 
t  Nouvelles  Experiences,  p.  184. 

t  See  On  the  Molecular  Theory  of  Onpuibation,  by  the  Author.  /V&eeed<ii0t 
of  Royal  Society  of  Edinburgh,  1861. 
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liquiJa.  hna  been  odmitl^d  by  all  who  have  cai'efully  watcbetl              ' 
that  pellicle  with  the  microacope,  more  especially  by  Kutaug,* 
Pii.Bai.,+    Nicolet,!    Pouchet,§   JoHy  aiid   Musaet.H    Scluuit-             ■ 
)iausen,l  MimLegazza,**  and  Bastian.-ft     The  queatioo  thsiw^^^J 
fore  is.  Are  the  molecules  tliat  cMiiistitute  tliat  pellicle  deiivad^^^^l 
from  the  air  or  the  fluid,— are  they  precipitateil  from  above,  <^^^H 
do  they  float  to  the  surface  from  belon,  liki;  the  globules  of  t^^^^| 
milk  which  produce  cream  1                                                      j^^^H 
Now,  it  was  iu  cousequeoce  of  havbg  professed  to  demon^^^H 
rtrate  what  had  oscaped  all  previous  observers— viz.,  the  gend^^^H 
in  the  air— that  M.  Pasteur  baa  made  hia  name  so  famoua    H^^^^ 
tulls  asXX  that  he  did  this  by  causing  a  cnrrent  of  air  to  pass 
through  a  glass  tube  in  which  a.  pledget  of  gun-cotton  had  been 
placed.     This  was  then  dissolved  iu  ether,  ruid  the  sedimeut 
allowed  to  collect  id  a  wuUih-glaas.    Thia  sediment,  after  being 
repeatedly  washed,  and  allowed  to  remain  in  distilled  water 
for  twenty-four  hours  at  a.  time,  is  allowed  to  diy.     A  jwrlion 
of  the  dried  matter  is  then  put  upon  ft  slide  moistened  with  a   ,^^J 
weak  solution  of  potash,  and,  being  covered  with  auother  gtaa^^^H 
ia  examined  with  the  micro«:o]ie.    The  resulU  be  hns  ftgiu«d  t;^^| 
and,  very  properly,  he  has  given  the  scale  of  magnifying  powtv^^^f 
under  which  Ihey  were  drawn  (Fig  5),  and  wliicli,  by  careM^^^ 
measui'ement,  I  have  ascertained  to  be  ISO  times  linear.      Hw^^^f 
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Flf.  S.  Fig.  4.         Fig.  S. 


in  bj  M.  Pastsur  ol  tho  duit  hi  coll«t«d  on  gun- 
Tfacw  ibDuliI  bg  compind  vltb  Flc.  10  (FUU 11.), 

%  vhfct  U  BCftD  ta  tkVa  pUco  when  Infuorla  irtf 


He  aaja  Figs.  I  and  2  represeut  orgaoised  corpuscles  from 
dust  collected  in  twenty-four  houra,  from  the  ICtli  to  17th 
November  ISjS.  The  manner  in  which  theae  drawings,  giving 
the  volume  and  outllue  of  the  bodies,  were  made,  is  as  follows  : 
"  After  the  dust  hns  b«eu  prepared  in  the  maoner  described,  I 
took  a  portion  of  it  from  the  watcli-glass,  and  diluted  it  with 
a  solution  of  pottali,  consisting  of  5  parU  of  potash  in  100  of 
water.  As  soon  as  I  perceived  a  globule  cvljeiitly  organised 
under  the  microscope,  I  drew  it.  This  is  how  figure  4  was 
drAWn."'  This  description  leaves  it  uncertain  whether  au 
exact  copy  was  taken  of  any  portion  of  the  field  of  the  micro- 
scope, and,  therefore,  whether  the  figure  represents  the  exact 
number  of  corpuscles  present,  and  their  relation  to  each  other. 
It  only  gives  tlieir  form.  But,  assuming  that  the  some  kiud  of 
demonstration  was  made  in  each  case,  we  have  the  relative 
numbers  of  these  bodies  taken  tiDm  the  gun-cotton  in  Fig.  I. 
Fig.  2  is  another  dciuouslration  of  the  same  after  the  addition 
of  au  aqueous  solution  of  iodine.  Fig.  3  represents  the  organised 
corpuscles  associ.ited  with  amorphous  particles  obtained  on  tho 
25th  auil  2Gth  of  June  IHGIK  Fig.  4,  the  dust  of  an  intense  fog 
in  the  month  of  February  18G1.  In  all  these  demonstrations 
he  admits  the  organised  corpuscles  are  comparatively  scarce, 
because,  he  observes  (p.  31),  it  is  frequently  noceasary  to  change 
the  tield  in  order  to  Kee  one  of  tliem,  whilst  at  other  times 
several  could  be  seen  together. 

&I.  Pasteur  tliluhs  that  these  drawings  indicate  the  number 
of  orgauiiied  corpuscles  tliat  may  be  arrested  iu  a  small  mass  of 
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cotton  Uiroagfa  wliich  15uu  i 
(reqiienteil  Blreets  of  Paris,  faj 
abuat  three  or  foar  yarda  from '  ' 
at  aevenl  millioiu  in  a  litre  (p. 

Nuw,  it  must  Ije  reiuembereil 
and  it  will  \yn  admitted  Ity  erei 
could  be  more  niiaaUntactorT  for 
or  the  Damber  of  Clie  corpusdea  t 
HolutioD  of  the  cotton  iii  fiber,  thi 
tbe  (Imccatioa,  and  tLeu  tLe  addi 
must  completely  nlle'r  the  duuKc 
in  the  Atmosphere.    Then  tlie  (oni 
ure  not  nec«9£arilf  ao.    They  »re  e* 
miueral  substanccK,  and  silioeoDB  ro* 
which,  of  course,  resist  sulphuric  tob* 

A'atitre  of  datt. — Numettma  iiiv«Bl> 
both  before  &Dd  since  M.  Paateiir  wrot* 
of  dust  fluutiug  iu  the  atmosphere — ot 
which  n  my  of  Bunlight  reveola  ta  a* 
chamber.     It  couaisto,  for  the  most  pli> 
atnrch  corpuaclea  ;  the  debris  of  dothini^ 
cottou,  silk,  and  wool  ;  the  resalts  of  (USb. 
tion,wlietLerof  coivlorof  wood;  vorioiisn.- 
or  ovoid,  amorphous  or  ctystalljue ;  iiri<i 
tDsect8  and  vegeUblea  ;  very  rarely  auail 
onimitlculei. 
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ransacked  to  discover  organic  germs, — collected  and  carefully 
examined  with  the  microscope,  near  the  soil,  and  on  the  summits 
of  the  highest  buildings,  not  only  in  frequented,  but  in  desert 
places ;  in  crowded  assemblies,  as  well  as  in  empty  Gothic  cathe- 
drnls  and  ancient  vaults — in  the  ancient  palace  of  Kamack, 
on  the  banks  of  the  Nile,  in  the  tomb  of  Rhamses  II.  at  the 
extremity  of  the  Desert,  as  well  as  in  the  central  chambers  of 
the  great  pyramid  of  Ghizeh.  The  chief  element  of  the  dust 
collected  in  these  places  has  been  found  to  be  starch  corpuscles.* 
Large  quantities  of  air  have  been  drawn  through  tubes  by 
aspirators,  and  collected  on  cotton,  in  distilled  water,  or  pro- 
jected on  glass.  The  feathery  snow,  which,  falling  through 
the  atmosphere,  may  be  well  supposed  to  collect  its  contents, 
has  been  melted,  and  the  precipitate  carefully  collected.  The 
emanations  of  marshy  places,  such  as  those  of  the  Maremma  in 
Tuscany,  have  been  specially  investigated.t  The  larynges  and 
mucuous  pulmonary  surfaces  of  numerous  animals  have  been 
explored,  even  to  the  inmost  bone  cavities  of  birds.  On  the 
summit  of  Mont  Blanc,  amidst  eternal  snow ;  on  the  glaciers  of 
the  Jura  and  of  the  Pyrenees,  and  in  the  deep  crevasse ; J  on 
the  burning  })lains  of  Egypt,  and  in  the  markets  of  Constanti- 
nople, the  dust  of  the  atmosphere  has  been  microscopically 
examined, — and  in  all  with  a  like  negative  result  as  to  the 
existence  of  germs.  Nowhere  could  they  be  seen,  or  if  a  few, 
in  the  opinion  of  some,  were  visible,  could  they  in  any  way 
account  for  the  multitude  of  minute  infusoria,  which,  in  all 
these  localities,  not  only  readily  spring  up  in  putrid  fluids,  but 
in  every  instance  are  identically  the  same.§ 

Hiitological  proof  that  infusoria  originate  in  the  coalescence  of 
molecules  formed  in  JfuiJs. — From  what  has  been  previously 
said  it  follows  that  the  pellicle  that  may  be  seen  to  form  on  the 
surface  of  infusions  cannot  possibly  be  derived  from  the  dust 
of  the  air,  as  it  bears  no  relation  wliatever  in  structure  to  dust. 
Nor  can  it  be  <lerived  from  the  bodies  figured  by  M.  Pasteur 
as  existing  in  the  atmosphere.  (See  Figs.  1, 2, 3, 4,  p.  426.)  For 
how,  it  may  be  asked,  could  these  bodies  produce  the  incalculable 

•  Pouchet's  Ilcterop^nie,  p.  446. 

t  L.  Gigot's  Uechcrchcs  cxin'rimentales  sur  la  Nature  des  Emanations  mar<- 
ca^u8cs,  Paris,  ]b:)9.  Kechurchcs  sur  I'Air  den  Uarcmmes  de  la  Toscane,  par 
M.  £.  Dcchi.    Com])t<;s  Rendus,  ioni.  Hi.  p.  S25. 

J  Comptes  Rend  us,  torn.  Ivii.  p.  658. 

f  Nouvellcs  Experiences,  p.  75. 
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millioDSof  miaute  molecules  in  tbeanmlleat  frngment  of  the  pi 
gerouB  pellicle  we  can  traoafer  to  our  microscopes,  in  which,: 
liave  seen,  the  infusoria  originate  (p.  4G)  I  It  has  been  suppoaeil' 
that  OD  falling  from  the  air,  they  uuiiergo  mpid  division,  and 
spread  over  the  Burfuce  with  the  greatest  rapidity ;  but  no  one 
hoBuver  seen  this  Teniai-ku.b!e  phenomenon,  and  the  slightest  con- 
aideration  must  shew  that  ouch  an  assumption  is  completely 


adveree  to  what  can  be  readily  demonatrated  on  the  surface  of 
every  iufusioa.  This  liistological  argument  merits  special  atten- 
tion, because  I  do  nutsec  how  it  can  possibly  be  answered,  There 
can  be  no  doubt  that  the  miuute  molecules  ore  formed  first,  and 
the  bacteria,  ytbrios,  and  filamentjj,  last.  Siijiposing  that  tin Jl 
primary  molecules,  figured  No.  1  (Fig.  6),  anlnrge  I' 
point,  No.  S,  aud  then  divide,  bow  is  it  possible  to  explai 
fornution  of  elong;Lted  likmeDta  at  all  1  Surely  the  idea  of  tl 
rapid  multipticatioD  by  division  is  opposed  to  that  of  their  p 
of  elongating  into  bacteria  and  vibi-ios,  whether  by  oggr^ 
or  growth  from  their  eitremities.  It  may  frequently  be  seen  tl 
Xo.  3  ia  composed  of  molecules  of  exactly  the  same  size 
which  are  floating  loose, — a  fact  in  favour  of  their  Ci 
mther  than  of  their  division,  as  then  they  would  be  reduced  |4 
half  the  size.  It  is  more  probable  that  although  the  sm, 
cules  may  increase  by  imbibition  of  fluids,  they  lutve  yet  a  o( 
slant  tendency  to  aggregate  Cogether  aud  melt  into  one 
No.  3  is  not  a  proof  of  No.  2  dividing,  but  of  two  n 
coalescing  i  andwiieu  they  unite,  they  form  No.  4.  Two  or  m 
of  these  uniting,  form  Nos.  b  and  G.  Wheu  n  similar  proi 
to  this  goes  on  in  minenJ  bodies,  as  shewn  by  Mr  Itjuney,% 
it  cannot  suggest  diviaiou  but  union  (p.  41,  Plate  II.  fig.  3)] 
and  this  for  the  obvious  reason,  that  the  former  wouk' 
disintegratiou,  whereas,  it  can  be  seim  in  oue  case  a 
other,  that  development  is  the  result.  In  short,  iu  t 
manner  as  a  tuba  ia  formed  l)y  a  coalescence  of  cellf,  s 

'  Un  Did  Uodo  al  Farmitiiin  d1  Shells,  Sc,  Eva,  LoiidDD,  l^LU,  p,  VL 
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ininuta  vibratile  vibrio  formed  by  the  coalesceDce  of  molecules. 
It  may  be  argued,  however,  that  each  molecule  elongates  itself 
— that  is.  No.  2  is  converted  into  No.  4  ;  this  into  Nos.  6  and 
6  ;  and  that  No.  3  are  sporules  or  ova,  caused  by  the  disinte- 
gration of  No.  6.  But  this  view  is  opposed  by  the  fact  that 
Nos.  1,  2,  and  3  are  seen  before  Nos.  4,  5,  and  6  are  produced. 
Of  this  all  have  satisfied  themselves  who  have  examined  animal 
and  vegetable  infusions  ;  and  the  conclusion,  therefore,  cannot 
be  resisted,  that  the  vibrios  are  derived  from  the  molecules,  and 
not  the  molecules  from  the  vibrios. 

But  it  may  also  be  supposed,  that  while  some  have  the  property 
of  dividing,  others  are  capable  of  elongating  or  aggregating ; 
this  view,  however,  is  not  only  opposed  to  observation,  but  is  at 
variance  with  all  that  we  know  of  embryonic  development  in 
plants  and  animals.  When  a  plant  consists  of  a  single  structural 
element,  such  as  a  cell  or  a  tube,  it  will,  I  think,  be  admitted 
that  growth  in  the  sense  of  increased  bulk,  and  growth  in  the 
sense  of  multiplication  of  its  parts  by  division,  do  not  proceed  at 
the  same  moment  of  time.  Every  plant  and  animal  follows,  in 
this  respect,  the  same  law.  Nutrition  is  carried  on  up  to  a 
certain  point  of  maturity,  and  then,  and  not  till  then,  does 
generation,  or  the  separation  of  parts  to  form  new  creatures, 
take  place.  When  plants  and  animals  are  complex  in  their 
structure,  one  organ  or  segment  may  be  growing,  while  another 
is  disintegrating  ;  but  in  elementary  parts  there  is  a  period  for 
growth  and  reparation,  and  a  period  for  division  or  separation. 
Hence,  it  seems  to  me,  I  am  correct  in  thinking  that  if  the 
primary  molecules  on  the  surface  of  an  infusion  possess  the  « 
property  of  dividing,  they  cannot  also,  at  the  same  moment, 
possess  the  property  of  elongating  and  forming  filamenta  The 
one  function  is  subversive  of  the  other.  While,  tlien,  a  cell  or  a 
vibrio  may  possess  the  property  of  growth  and  division,  these 
two  functions  must  be  exercised  at  different  periods  of  time, — 
so  that,  in  reference  to  the  early  stage  of  formation,  if  the 
molecules  divide,  bacteria,  vibrios,  and  filaments  could  not  be 
formed.  A  mass  of  vibrionic  molecules  is  not  a  compound 
organism  ;  it  is  a  mere  aggregation  of  similar  simple  elements. 
Eacli  of  these  in  passing  through  certain  phases  of  development 
may  be  arrested,  or  reach  maturity  at  various  periods,  so  that 
we  frequently  see  different  forms  present  at  one  time  ;  but  that 
the  same  elementary  forms  and  the  same  stages  of  growth  ahonld 
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exhibit  directly  opposite  functionH,  is  surely  not  in  accordi 
with  physiological  knowledge. 

The  conclusion  we  must  arrive  at  therefore  is,  that  the  mole- 
eulea  seen  ou  the  surface  of  infusiona  out  of  which  auiinalculeB 
and  fungi  are  produced,  nre  not  derived  from  the  air. 

Neither  can  they  be  supposed  to  pre-eiist  in  the  fiuid,  aa  then 
they  would  be  reatiily  seen,  which  they  never  nre  at  the  ooiu- 
mencement.  On  this  point  nothing  can  be  clearer  than  the 
microscopical  evidence,  so  that  it  results  from  the  facta  aiid 
arguments  which  have  lieen  stated,  that  the  more  simple  infusoria 
do  not  originate  from  cella  or  minute  germs  at  all,  whether  in 
the  atmosphere  or  in  tbefliiiil.  Tliis  \n  the  almost 
conviction  uf  histologista  who  have  carefully  investigated  tba^ 
matter. 

2.  Chemical  Exjuritntntt  lekkh  have  been  di'iteted  to 
the  guppoied  ffermt  in  the  atjnoiphere,  m  a»  tn  pnvtnt  fe 
tation  and  putrefaetion, — Schutze,  in  1837,*  after  heating 
infusion  to  the  boiling  point,  connected  it  with  two  of  LJebig'a 
bulbs,  one  containing  sulphuric  acid,  and  the  other  concentrated 
solution  of  potash.     The  air  forced  throngh  these  liquids  be 
thought  capable  of  destrojfing  the  atmospheric  gemiR. 

Schwann  also,  in   1837,t  forced   air,   with  the   same 
through  metallic  tubes  heated  to  redness  ;  and  found, 
so  calcined,  it  occasionally  prevented  infusiirial  growth. 
thought  Ihnt  oxygen  alone  wns  not  the  cause  nf  fermentatii 
hut  some  substante  in  the  air  cajmlile  of  being  destroyed 
heaL 

Schneder  and  Dusch,  in  185!),  filtered  the  air  through 
before  bringing  it  in  contact  with  organic  fluids.  They  foond 
that  some  did,  and  others  did  not,  undergo  putrefaction,  ajid 
were  induced  to  believe  that  the  presence  of  oxygen,  and,  the 
formation  of  an  acid,  were  the  cause  of  fermentation.  Schrteder 
afterwards  found  that  the  yolk  of  an  egg,  milk,  and  the  juiOe  of 
meat  without  water,  putrefied  in  air  filtered  through  cotton, 
and  aupposed  it  to  contain  an  active  fuhstanee,  the  natu 
which  was  unknown.  I 

>  Pn^t^ndorTi   ADnnlcn,  1837,  p.    11  ;    lad  Eainburgh    New  Pbllon 


ebig** 
trated 
ds  b« I 

m 

atioi^^H 


r 


CHEMICAL  EXPERIMENTS. 


433 


The  eiperiments  of  Sdmtze,  Bchwonn,  SchneJer,  nml  Dnsrli 
have  been  frequeutly  rejjeateii  without  preveniiug  the  growth 
of  fuDgi.* 

Again,  it  is  nlmost  uuivEraally  coDBidered  that  the  beat  of 
Itoiling  wnt«r  or  cold  nt  zero  will  dentroy  all  kiudx  of  nniniAl 
and  vegetable  life.  ludeed,  to  icnagiDe  that  the  minate  niole- 
cuIbb  or  vibrioa  of  which  wo  have  been  speaking,  or  amali  ovn 
and  eporulea  conaidtiDg  of  Dleo-albuniinoua  matter  without  any 
envelope,  would  remaia  in  boiling  water  for  hours  and  retain 
their  vitnlity,  must  lie  regarded  as  a  violent  adsnmption.  Three 
or  four  minutes'  iKiilingnf  a  heu'a  egg  not  only  kill*  it,  but  con- 
verla  ita  whole  tiiibetanc.-e  into  a  liard  mass,  There  ia  no  aeed 
known  which,  when  Liken  out  of  ita  indurated  shell  or  caae,  is 
capable  of  germinating  nfter  b«iug  boiled  fur  a  abort  time.f 
Yet  notliing  is  more  certain  than  tliat  long  ebullition  of  varioua 
infusions  has  wholly  fulled  to  prevent  the  furuialiou  iu  them  of 
animal  and  vegetable  growlha. 

As,  therefore,  neither  calcined  air,  sulphuric  aeiil,  liquor 
potttMie,  gun-cotton,  or  a  boiling  temperattire  have  fuiled  to 
prevent  the  production  of  infusoria,  or  destroy  the  aiipjiosed 
gertna  in  the  air  or  infusion,  I  determined,  iu  136:),  to  try  th« 
effects  of  all  these  destructive  agents,  with  the  excvptiou  uf  tiie 
first,  at  once,  and  with  the  greatest  poaaihlo  care. 

Un  the  ITth  and  18th  of  October  1664,  and  on  tjie  3n]  and 
13th  of  October  1863, 1  performed  the  following  experiments  in 
my  laboratory,  with  the  assistance  of  Ur  Argf  U  liobertsoD  : — 

DeCDCtiona  of  liquorice  root,  of  tea,  and  of  hay  were  kept  at 
the  boiling  temperature  in  a  porcelain  basin,  over  a  gns  flame. 
Flasks  eiled  wIlli  and  inverted  iu  the  boiling  fluid  liad  air 
pumpei)  into  them  to  the  extent  of  three-fourths  of  their 
volume  which  had  pamiod  through  (Ist)  A  U-ahapcd  tube  con- 
taining liquor  potnssic ;  (2d)  a  hollow  glass  ball  containing  gun- 
cotton  ;  (3d)  Lisbig  hnlhs,  containing  sulphuric  acid ;  and  (4th] 
another  U>shn|>cd  tub«  with  aulphuric  acid.  All  the  bent  lubes 
were  Ailed  with  fragments  of  punitc«-stone  to  break  up  the  air, 
BO  as  to  prevent  the  possibility  of  any  germs  passing  through  iu 
the  oenlro  of  bubbles.     Tlie  bent  gloss  tulxt  leading  from  the 

*  S«  pMtear.iyiu  U(..  XV-  ^.  '*'    I'auolwfi  RitirascnlB,  |>p.  !M.  <<  Hf. 

t  9h  toiii<  nncliiilni  upurtniiBU  nctatl)'  {Hrlaniwd  an  iDIi  nihjcct  b}  lUu- 
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last  U-sliaped  tube,  filled  witli  sulphuric  aaid  and  punii 
waa  also  filled  with  tbe  aciil,  so  as  to  destroy  auy  germs  tl 
might  he  Hiipposed  Ui  adhere  to  the  interior.  Aft«r  the 
prepared  bad  eutered  the  flusk,  L-urki),  which  hud  been  for  soine 
time  boiled  in  tbf  iufuaion,  were  by  means  of  irou  forceps 
iaserled  in  the  necks  oC  tbe  Huaks,  and  the  entrance  of  fresh  air 
]>reveuted.  Further,  on  removing  tbe  flaslc  from  the  boiling 
iufuaioQ,  the  cork  and  neck  were  hennetieally  closed  by  plung- 
itig  them  into  melted  seiiliug-wux.  At  tbe  same  time  bottles 
flauks  contaiuiug  the  some  iiiftisioti,  but  having  a  similar  pro- 
portion of  ordinary  air,  were  sealed  or  corked  ap, 
contrasted  with  the  influeuce  of  the  prepared  air. 

In  another  series  of  experiments,  ou  the  14th  of  October  1867| 
with  Dr  Rutherford,  stoppered  bottles  were  used,  it   havii 
heea  suggested  that  sporules  or  germs  might  have  been  coni 
ccalcd  in  the  corks  formerly  employed  although  they  liad  beOLi, 
well  boiled. 

The  results  were  that  the  infusions  in  all  the  fl.isks  in  contact 
with  ordinary  air  were  rendered  turbid,  or  covered  with  fungi 
iu  from  six  to  twelve  days  ;  wheieas  all  the  infusions  which 
were  exposed  to  the  prepared  air  also  hecame  turbid  and  con- 
tained fungi,  but  at  periods  varying  from  four  to  nine  mouths. 
When  the  fluid  was  esanuned  nucroscopically,  bacteria  and 
vihrionea  were  always  fonnd.  It  was  also  found  that  rnrified 
air  delaved  the  ap[iearance  of  these  infusoria  and  of  turbidity 
of  the  Huid, 

It  having  been  asserted  by  M.  Pasteur*  that 
through  beut  tubes,  by  hindering  the  aeceits  of  germs  tuid  allowi 
ing  them  to  be  deposited  ou  the  sides  of  tlie  ghiaa,  prevented' 
the  growth  of  infusoria,  twelve  bottles  were  prepared  on  the  4tb 
and  llth  January  18GS,  four  of  wliich  contained  im  infusion  of 
dulcamara,  another  four  a  deduction  of  putrid  meat,  and  a  third 
four,  yeaat  water.  The  bottles  were  plunged  into,  and  filled 
with,  the  infusion  when  boiling,  inverted  iu  it,  and  allowed 
get  cold.  The  air  was  pumped  gently  through  a  bent  tube,  Kvft' 
feet  in  length,  having  fourteen  sharp  bends,  each  foui 
long,  into  three  bottles  of  each  series,  and  ordinary  air  wa* 
admitted  to  the  fourth.  The  result  was,  that  the  fluids  iu  all 
soon  became  turbid,  so  that  bent  tubes  appear  to  intercept  noim 
of  the  supposed  germs.  They  only  dcl.iy  the  result. 
*  Compl«  RcDilui,  loin.  I.  p.  3M1. 
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In  the  numerous  exiw^riments  made  by  Dr  M*Kendrick  in 
1870, 1871,  and  1872,  it  was  found  that  if  the  fluid  be  introduced 
into  a  flask,  boiled,  the  neck  drawn  out,  bent  so  as  to  form 
numerous  acute  angles,  and  the  fluid  again  boiled,  it  will  remain 
free  from  turbidity,  or  the  appearance  of  bacteria  or  vibriones 
for  many  months,  but  ultimately  the  change  occura  The 
bendings  of  the  tube  appear  to  delay  the  occurrence  of  putre- 
factive changes,  but  not  entirely  to  prevent  it.  Moreover,  the 
same  effect  of  delay  may  be  produced  by  simply  having  the 
neck  of  the  tube  drawn  out  to  a  length  of  twenty-four  or 
thirty-six  inches,  without  any  bend  whatever,  or  by  inverting 
the  flask  so  that  the  long  neck  hangs  downwards,  the  atmo- 
spheric pressure  preventing  the  escape  of  the  fluid  from  the 
flask. 

These  experiments,  on  the  whole,  appear  to  me  to  be  totally 
adverse  to  the  atmospheric  germ  theory,  and  to  indicate  that  th^ 
production  or  non -production  of  infusoria  depends,  for  the  most 
part,  on  the  temperature,  chemical  constitution,  density,  and 
other  physical  properties  of  the  air,  rather  than  on  living  organ- 
isms there,  which  are  developed  in  the  fluid.  Still,  in  every 
series  of  exi)eriments,  there  are  one  or  two  exceptions.  This 
has  also  l)een  observed  by  Pasteur  in  most  of  his  experiments, 
and  he  attributes  them  to  some  currents  or  limited  portions 
of  air  being  rich  in  germs,  whilst  others  are  free  from  them.* 
But  that  this  explanation  applies  to  my  laboratory,  in  which  all 
the  experiments  described  were  made,  is  not  probable. 

It  is  now  admitted  by  M.  Pasteur  that  the  boiling  tempera- 
ture, that  is  100°  centigrade,  does  not  prevent  the  growth  of 
the  supposed  germs  in  the  atmosphere  ;  but  instead  of  consider- 
ing this  fact  hostile  to  his  theory,  he  concludes  from  it  that  the 
germs  have  the  power  of  resisting  that  amount  of  heat,  and  of 
being  most  tenacious  of  life  ;  but  he  says,  130**  centigrade 
always  destroys  their  vitality.  M.  Pouchet,  however,  has 
she\iii  that  the  air,  and  the  organic  matter  placed  in  boiling 
water,  will  germinate  after  they  have  been  exposed  to  a  heat  of 
even  150°  centigrade,  and  he  says  it  may  be  raised  to  200® 
centigrade,  and  yet  animalcules  and  fungi  will  develop  them- 
selves, f    Dr  Bastian  has  found  that  even  after  exposing  flasks 

*  Comptcs  RenduM,  torn.  li.  pp.  35>0,  351. 
t  Ibid.  torn.  I.  p.  1015. 
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containing  organic  fluids  and  hermetically  BeiJed  while  boU- 
ing,  to  a  temperature  of  300*  centigrade  for  eeveml  bouni 
auimiil  and  vegetable  microBCopic  organiama  were  fouud 
fluid.* 

In  the  same  mauDer,  air  and  infusioiia  exposed  to  u 
cold  still  produce  auiualeuiea,  but,  aucording  to  Pasteur,  not 
readily.    Twenty  flaaks  coutaiuiug  boiled  infusioDS,  and  fi 
which  the  air  waa  expelled,  were  opened  bj  Uim  with 
precaution  ou  the  Her  de  Glace  at  Montanrert  on  the  Jurb. 
Notwithstajiding  the  purity  and  extreme  coldneaa  of  the 
infusoria  appeared  in  five  of  his  £aska. 

As  an  illuHtration  of  the  manner  in  which  the  controversy 
this  subject  has  been  carried  on  in  the  Academy  of  Sciences 
iu  Faris,  I  may  give  a  short  account  of  that  portion  of 
referring  to  the  Glacier  experiments.  M.H.  Fouchet,  JoUj, 
and  Uusaet  opened  eight  similar  dasks  used  by  M.  Fasteur. 
Montanvert,  on  the  Ulocier  of  tlie  Molailetta, 
Pyrenees,  UOOO  feet  above  the  sea,  and  3m)U  feet  higher  thait 
that  of  Montanvert,  using  all  the  pi'ecnutionB  required  by  M. 
Ptisteur.  In  addition,  before  cutting  off  the  enila  of  their 
bennetically  sealed  tubes  with  a  tile,  previously  heated  by  & 
tamp,  they  held  the  flasksnbove  their  heads.  Notwithstandini^ 
infusoria  appeared  in  all  the  infusions  a  few  days  afterwards.')- . 

To  this  communication,  presented  to  the  Academy,  Sept.  2T 
1863,  M.  Pasteur  replies,  Nov.  2,1  saying  that  he  ia  rejoi< 
that  hia  learned  adversaries  have  gone  to  such  an  altitude 
repeat  his  experiments  ;  but  observes  that  they  did  not 
the  necessary  precautions.  They  only  liad  eight  flaskd,  whereas 
he  had  twenty  ;  they  shook  their  flasks  before  opening  them, 
which  he  took  care  not  to  da  ;  and  they  had  the  imprudence  to 
use  a  file,  iustead  of  a  pair  of  pincers  with  long  branches,  heated 
in  the  llante  of  a  lamp.  He  says  that  the  thumb  and  fingers 
holding  the  file  were  too  near  the  opening  into  the  flask,  and> 
may  have  conveyed  germs  there,  especially  as  they 
paased  through  the  flame,  as  the  file  was.§  Ue  defies  theni,  ifj 
they  take  suiBcient  precautions,  to  obtain  infusoria 
flasks.!! 

MM.  Jolly  aud  Musaet  accept  the  defiance  of  M.  Pastei 

•Butlaa:  Tfag  Uodtial  Origin  at  LowMtOiKiui! 
t  Compta  Rcndui,  Uio.  ItU,  p.  K9.  J  II 
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Nov.  16,*  imd,  iu  fnct,  od  the  13th  June  following,  they  send  a, 
memoir  to  the  Acmlemy,  stating  that  they  luul  returned  to  the 
MalaJetla,  this  time  with  twenty-two  fliuka— thivt  is  two  more 
thnn  were  used  by  M.  Pasteur — fulfilled  all  hia  conditions,  not 
forgetting  the  pincers  with  long  bmucbes,  properly  heated,  und 
found  tlint  infuBoriii  Appeared  in  every  flaak  without  exception  ■ 
in  foiir  days  ;+  and  «o  ended  this  part  of  the  controversy, 

N  uuierous  other  important  questiouB  liave  been  debated  liefora 
the  Academy.  Among  these  are  the  changes  which  take  place 
in  the  air  confined  iu  the  Siuks,  founded  on  Dumoroits  analyses  ;J 
the  obaervationa  of  Jolly  »ud  Musset  with  regard  to  vibrios 
living  in  distilled  water-,§  the  statement  by  H.  Pasteur  that 
neither  free  oxygen  nor  atmospheric  air  are  necessary  for  the 
growth  of  infiuoria,|{  and  that  they  will  develop  themselves  iu 
carbonic  acid  giia  only.  Lnatly,  the  same  chemist  declarcB  that, 
notwithstanding  hia  often  declared  opinion  thnt  fermenta  are 
living  beings  and  not  dead  matter,  he  can  produce  fennen- 
tatiun  with  the  ashes  of  yeasts  Some  of  these  statements  are 
confirmed  by  Iioont*,**  who  found  that  hena'  eggs  became  putrid 
without  the  formalipu  of  vibrios  or  other  infusoria.  This 
observation,  wliile  it  might  serve  to  prove  that  atmospheric  nor 
pBSsin!;  through  the  egg'Shell  «e]iarated  the  genns  by  filtration, 
is  wholly  opposed  to  the  idea  that  putrefaction  is  ueceasarily 
caustnl  by  such  germs. 

The  only  coucloaion  I  can  draw  from  the  numerous  coiilra- 
diotoryandiDgeniouBc«mninniciitionapreseijt«d  tiithe  Academy 
of  Sciences  on  this  matter  la,  that  not  tho  slightest  proof  is 
given  by  the  chemists,  with  M.  Taateur  at  their  head,  that 
fermentation  nnd  putrefaction  ar«i  iitic«BBBrily  dependent  ou 
living  gvrms  existing  in  the  atinuBjihcre.  They  rather  tend  to 
ahew  that  these  are  phenomena  of  a  chemical  nature,  as  was 
ably  maintained  by  liebig.tt  Did  we,  iudeed,confine  our  road- 
iug  to  the  [lapera  of  U.  I'asteur — that  is,  to  one  side  of  the 
t  could  easily  persuade  ouraelvoB  of  bis  correctness  ;tt 
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but  every  one  of  hit*  experimentH  liaa  bven  repcatciJ  by  sererfd 
indepeuilent  invijatigatora,  who  have  shewn  his  imagiued  proofs 
aa  to  the  exieteiicc  of  atniuspheric  ^nns  to  be  ultogether 
We  niuy  conclude,  tliercfare,  tbnt  living  geima  are 
arily  tliu  cause  of  putrefactiou  and  fermentatioa ; 
neither  is  it  necefiaary  to  believe  that  ferments  are  living  Ht 
&11 — they  may  be  ileiid.  This,  if  not  admitted,  seems  to  lie 
implied  by  Paateur  himself,  who  tells  us  he  can  now  excite 
these  processes  not  by  frcah  yeast  only,  but  by  the  aabes  of 
jeaat.*  Thut  they  may  be  induced  by  dead  organic  matter 
which  haa  been  subjected  to  a  direct  teniperaturo  of  150°  or 
SOO"  centigrade — a.  heat  utterly  incompatible  with  the  eiistciiw 
fit  life — -we  liitve  seen  to  lia.Te  been  proved  by  Pouchet,  Jolly, 
Musset,  and  others. 

Tlie  idea  that  these  imaginary  germs  were  the  cause  of  putre- 
faction, of  disease,  of  blights  among  vegetables,  and  other  evila, 
originated  with  Kircher  and  the  patliologists  of  the  aeventveuth 
century.  It  lias  been  frequently  revived,  but  alwnyi 
be  eiToueous.  In  1652,  cholera  was  supposed  to  be 
by  a  fungus  tlmt  really  existed  in  the  dejections,  but  which 
Busk  poiutedout  wa8theurR/o#^«(uuiof  diseased  wheat,  whidT 
entered  the  body  in.  the  form  of  bread.  Certain  well-knowu 
parasitic  diseases  are  spread  by  contact,  such  as  scabies,  which, 
aa  it  depends  upon  uu  iusect  burrowing  in  the  skin,  may  be 
understood  to  crawl  from  one  person  to  another.  I  succeeded, 
in  1841,  in  proving  that  Favus  might  be  made  to  grow  on  dis- 
eased surfaces  of  otherwise  healthy  persons  ;  but  many  of  our 
unquestionably  infectious  diseases,  such  as  smallpoj;,  scttrlatiuB, 
measles,  and  typhus,  have  no  such  origin.  It  has  been  attempted 
to  be  shewn,  indeed,  by  Lemaire,'!'  that  in  the  condensed 
vapours  of  hospitals  and  other  putrid  localities,  vilirioa  may 
be  found ;  but  that  vibrios  are  the  cause  of  these  various  dis-. 
eases,  is  not  only  not  proved,  but  from  what  lias  been  stated, 
highly  improbable^  We  have  jireviously  aliiided  to  the 
cules  which,  according  to  some,  convey  some  of  these  puisona^' 
(See  p.  104.) 

What,  then,  it  may  be  asked,  is  the  origin  of  the  infusoria, 

upon  mj  kind  of  miiiroKO|dcil  inqulrf:  Ucnn  Fnuchet,  J'llly.  i 
under  lucb  circunutuiceB,  vary  pro-parly  unk  no  part  bi  thv  InrcaUgtUotL,  yA 
eomenunntly,  t™  iltogoUier  ' 
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vegetable  and  animal,  that  we  find  in  organic  fluids  during 
fermentation  and  })utref action  ?  In  answer  to  this  question,  I 
say  they  originate  in  oleo-albuminous  molecules,  which  are 
formed  in  organic  fluids,  and  which,  floating  to  the  surface, 
form  the  pellicle  or  proligerous  matter.  There,  under  the 
influence  of  certain  conditions,  such  as  temperature,  light, 
chemical  exchanges,  density,  pressure,  and  composition  of  atmo- 
spheric air,  and  of  the  fluid,  &c.,  the  molecules,  by  their  coales- 
cence, produce  the  lower  forms  of  vegetable  and  animal  life. 

Other  researches  may  be  referred  to  as  confirming  these  con- 
clusions, such  as — 

1.  The  development  of  BotrytU  Bassiana  in  Mnscardine,  a 
disease  of  sill'  worms. — The  true  cause  of  this  disease  was  first 
ascertained  by  Bassi  in  1835,  who  shewed  thjjt  it  depended  on 
the  j)re8ence  of  a  fungus  which  developed  and  multiplied  within 
the  body  of  the  worm  or  moth,  caused  its  death,  and  appeared 
through  the  skin  in  many  places  as  a  whitish  growth.  M. 
(lUcrin-Meneville*  has  observed  the  development  of  the  fungus 
fiLiments  from  the  blood  corpuscles  of  the  worm.  A  similar 
disease  occurs  in  the  house  fly  in  autumn,  and  is  said  by  Cohn 
to  dejKjnd  on  a  mould  called  Empusa^  which  also  originates  from 
the  bl(X)d  cells,  t 

2.  The  development  of  PeniciUium  from  milk  globides, — This 
was  first  described  by  Turpin  in  1837.t  When  a  drop  of  milk 
is  examine<l  after  it  has  accpiired  an  acid  reaction,  flakes  of 
wiseiu  will  be  found  along  with  bacteria  and  milk  globules 
variously  altered.  These  milk  globules  throw  ofl"  buds  from  their 
margin,  which  grow  into  mycelium-like  filaments,  and  soon  the 
milk  is  covered  with  a  whitish  mildew,  seen  with  the  naked  eye. 

3.  The  development  of  Bacteria  within  the  htticiferoiLs  vessels 
of  plants. — M.  Trecul,  a  distinguished  French  botanist,  has 
found  numerous  minute  bodies,  of  a  globular  or  cylindrical 
form,  some  motionless,  others  shewing  slight  undulating  move- 
ments, within  the  Laticiferous  vessels  of  Apocj^num  cannahinum^ 
in  the  closed  medullary  cells  of  the  Ficus  carica,  and  in  the  fibre 
cells  of  the  bark  of  various  plants,  such  as  Asdepias  comuti^ 
the  common  elder,  &c.  &c.§     Ue  believes  these  living  bodies, 

♦  Comptes  Rcndus,  torn.,  Ivi.,  p.  674. 

t  IIcMiwijfia,  1865,  p.  69. 

X  Turpin,  Ann.  ties  Sc.  Nat.,  1837  (Zooloifio),  torn.  rilL,  p.  349. 

)  Coiuptos  Rcndus  (1606),  torn.  Ixi,  pp.  16ti,;432,  and  435. 
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to  whIcL  he  gives  the  name  of  Amylobacteiia,  are  derived  frost 
ihetatDorphosed  starch;  matter,  hence  their  nune. 

4.  The  oecurrence  of  Bacteria.,  Fungi,  etc.,  in  the  oeMre  o/(Aa4 
organt  of  dead  animaU  or  ift  iJie  doied  cavititt  of  tht  body. — -' 
Nothing  ia  more  common  thdn  to  fiod  these  orgimi^s  in  the 
centre  of  thebraiii,  in  the  centre  of  Uie  liver,  even  in  the  hepatic 
cells,  in  epithelium  cells,  or  in  Any  part  of  o.  dead  or  even  ft 
li'iug  hody  undergoing  putrefaction.     Berkeley  has   found  a 
yellow  mould  within  the  cerebral  cavity  of  golden  pheasauto.* 
Murie  has  seen  fuimruH-growtha  within  the  abdomino-pleutftl   | 
membrane  of  a  kittiwakegull,of  a  great  white-crested  cockatoc^  J 
and  of  a  rough-legged  buzzard. f    Bacteria  and  fungi  have  often  .  < 
been  found  in  eggs.     Hetmarecht  found  s[)ores  in  the  aqneotw  1 
humour  of  the  human  eye.|    Numeroua  other  eiamjilea  might 
be  given,  but  enough  has  been  brought  forward  to  ahew  th»t 
foreign  living  organisms  have  originated  in  aituutions  entiielf 
removed  from  the  air. 

ABKOBMAL  BBrnoOUCTIOd. 
This  conaistB  in  the  varioua  alterations  which  may  occur  in 
the  different  stages  of  the  generative  functions,  and  include, — 
Ist,  Diseases  which  arrest  or  modify  ovulation  ;  2d,  Diaeasea, 
nutritive  or  nervous,  which  impede  fecundation,  and  o(xa«ion 
barrenness  in  the  female,  or  impotence  in  the  male ;  3d,  DiseMe^J 
of  the  embryo,  causing  various  kinds  of  monstere,  from  arrest 
eicess  of  development  in  one  or  more  of  its  parts.  This  Ulf! 
subject  is  now  generally  studied  under  the  name  of  teratologjf 
(tI[«(,  montter),  and  haa  iu  recent  times  become  a  very  extensiT*] 
one.  Congenital  malformations  of  the  tmtus  were  formeiiy 
considered  oa  indicative  of  some  misfortune, — aa  the  etfect 
wilehcraft,  or  as  offsprings  of  the  evil  spirit.  They  are  now  nok 
only  recognised  to  originate  in  natural  derangements  of  embry-' 
oiial  development,  but  the  laws  which  govern  such  derangeroenM 
have  to  o  great  extent  been  determined.  From  these 
become  evident  that  monstroMties  are  not  the  result  of  chancw, 
but  are  always  induced  by  alterations  iu  the  known  processes 
which  regulate  reproduction,  and  the  evolution  of  the  ovun 
its  contents.  Hence  in  this,  as  in  every  other  disordered 
dition,  the  real  source  of  the  abnormality  is  to  be  sought 

■  Berkelfy,  IntiodiutlaD  to  CiTptogstDlc  BoUnj,  g. ' 
t  Uurlr,  Report  ol  Brillib  ABodillnn,  IS71. 
J  Roblu'i  "  V^Uiu  fwultci,'  18&«,  p  BTO. 
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not  only  in  tbe  invest igatiou  of  that  coadition  itaelf,  but  in  the 
kuonledgo,  first,  of  tbe  beolthj  or  pbysiulogical  state  ;  and 
Becondly,  of  the  maimer  in  which  it  has  become  deranged.  In 
nil  our  inquiries,  it  must  he  apparent  that  dtaeue  ia  morbid 
phyxiology ;  and  such  is  the  aspect  Ln  which  we  haveeudeavoured 
to  jiUce  it  before  the  reader. 

O.V  DEA  TIL 

D<<ath  is  the  pennoneDt  cessation  of  thone  properties  and 
fuuctioiu  which  constitute  life.  In  this  wide  seote,  it  must  l>e 
,ip[>arBnt  that  the  textures  are  cnntinuallj  dying,  in  the  same 
manner  tbat  they  are  coctiunatly  being  generated.  What  we 
have  described  as  the  secondary  digestion  essentially  consista  in 
tbc  removal  of  the  particles  of  the  body  which  have  been  worn 
out, — fulfilled  their  fiiDctiona,  and  died,  Thus,  death  ia  mole- 
cukr,  cellular,  fibrous,  or  tubular,  in  proportion  aa  these  various 
organic  elemeuts  become  degenerated,  and  disappear  to  make 
way  for  others  which  enjoy  aoUvity  or  life,  (uid  iu  their  turn 
die,  ent«r  iuto  new  chemical  combinations,  and  are  excreted  like 
tbeir  predecessors.  In  tlia  more  commou  acc«ptatiuD  of  the 
term,  however,  death  may  be  considered  aa  partial  or  gmtral. 
Partial  death  of  the  aoimal  liody  is  caused  by  those  diseases  or 
iajuries  which  produce  mortification  and  ulceration  in  soft,  aiid 
necroiia  and  caries  in  the  hard  parts,  to  a  gr<>ater  or  less  extent. 
Of  this  we  have  already  spoken,  and  therefore  need  only  trent 
of  general  death  of  the  system.  This  haa  been  varioiuily  con- 
sidered at  nMurai  or  unniUuml ;  by  the  former  meaning  doatli 
from  old  age  or  gradual  dec«y,  Knd  by  the  latter,  death  from 
diseases  or  violunco.  Iu  this  Iatt«r  case,  dralh  way  be  gradna) 
or  sudden,  and  be  induced  liy  a  great  variety  of  agents.  II  may 
be  said,  however,  that  all  the  modes  of  death  lire  reducible  to 
three,  vix.  :  Ist,  Death  by  syueojuj— that  is,  beginning  at  the 
h«irt  ;  3d,  Death  by  asphyxia,  beginning  at  the  lungs  ;  aud  3d, 
Death  by  coma,  beginuiug  at  Ibe  brain. 

JMitA  by  tyneope. — All  causas  which  arrest  the  action  of  the 
heart  oeuasion  stoppage  of  the  ciivulation  ;  a  circnmstoncs 
which  interferes  with  the  due  pcrfumuuiw  of  tha  vital  func- 
tions I  and  death  is  the  consequence.  It  may  occur  through  the 
nervous  syatum,  through  feoblooess  of  the  muwrular  walla  of  the 
heart  itself,  or  through  Ion  of  blood.     Aa  examples  of  the  6xM 
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method  of  causiug  syncope,  nmj  be  cited 
sudden  shocks  totlie  sj-ateni— its  fi'om  violent  blows  or  injuries, 
extengive  lesions,  violent  men  tnl  emotions,  a  stroke  of  lightning, 
expoaure  to  the  aim  (or  coap  dc  imUil),  and  ccrlAui  poisons 
which,  acting  especially  on  nerves  going  to  the  heart,  paralySA  ■ 
its  rhythmical  motionB,  as  aconite,  iligitalis,  4c.     Syncope,  from  J 
feebleness  of  the  muscular  walls  is  illuatrated  from  the  effects.4 
of  long-cou tinned  violent  exertion,  starvation,  and  diseaae  of  iu  J 
textures,  especially  that  now  recognised  as  fiitty  degeneration,  J 
one  of  the  most  common  causce  of  sudilea  death.    I^istly,  ex»  | 
ceaaive  loss  of  blood,  whether  from  direct  eit«nuil  injury  to  ft.fl 
large  vessel,  sudden  bursting  of  on  internal  voaculnr  tumoor  or  '1 
aneurism,  disease  of  the  coats  of  on  artery  or  vein  leading  to  J 
sudden  or  to  long-continued  loss  of  blood,  are  among  the  int-  1 
quent  causes  of  syncojie.  I 

Jieath  liff  asphyxia. — ^Thia  is  produced  by  all  causes  which  in-  ] 
terrupt  the  act  of  respiration,  or  the  access  of  oiygen,  so  ueceasoiT  J 
for  carrying  on  the  nutritive  functions,  and  kis  been  pi«vioua^ J 
referred  to  (p.  233).    It  is  now  ascertained  that  mere  obstnio^ 
tion  of  air  does  not  immediately  act  upon  the  heart,  'which  uo^H 
only  coutiuuea  to  contract  for  a  time,  but  even  sends  venoit^l 
blood  through  the  arterial  system.     From  the  uumerons  inveafl 
tigattons  which  have  been  made  to  determine  iu  what  maon^fl 
the  vital  actions  are  arrested  in  asphyxia,  it  would  afijiear  tliK^f 
at  first  uon-Bgrated  or  venous  blood  passes  freely  thi'ough  tbeV 
lungs  to  the  heart,  from  whence  it  goes  to  all  parts  of  the 
system.    It  operates  on  the  brain,  however,  as  a  poison,  rapidly 
suspending  the  sensorial  functious.    The  capillaries  of  the  tung 
next  refuse  to  transmit  nuu-oxygeiutted  blood,  in  consequence 
of  which  it  is  not  returned  to  the  right  side  of  the  heart,  and 
thus  the  vital  actions  cease.     These  effects  are  produced  wil&  J 
greater  or  less  rapidity,  according  as  the  ocdusionof  airismora  1 
perfect,  as  iu  cases  of  drowning  and  strangulation,     In  diseases  .1 
of  the  heart  and  Inugs,  the  same  results  are  produced  mora   I 
slowly.    The  only  poisous  which  operate  upon  the  Imiga  directly   I 
causing  asphyxia  are  certain  so-called  poisonous  gases,  such  a«  J 
carbonic  auid  gaa,  the  fatal  effects  of  which,  however,  are  not    | 
so  much  to  be  ascribed  to  any  noxious  properties  it  posseases    J 
as  to  tlie  absence  of  free  oxygen.  1 

Diath  bij  cimwt.—T!bia  is  caused  by  all  cii^cunistnnces  which     1 
BUajiend  tlie  scusoria!  functions  by  fiiat  operating  on  the  brain.     | 
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We  observe  it  produced  from  the  long-con tiaued  action  of  cold, 
from  the  iuflueuce  of  narcotic  poisons,  e8|)ecially  opium  and 
chloroform,  and  from  such  injuries  of  the  brain,  from  without 
or  within,  as  are  not  necessarily  connected  with  shock.  If  a 
violent  blow  be  given  to  the  head  of  an  animal,  it  may  be 
observed  to  suflfer  from  shock  or  syncope  ;  the  heart  flutters, 
antl  the  pulse  is  weak.  But  if  it  recover  from  this,  the  heart's 
action  may  be  restored,  while  sensation  is  suspended,  and  it 
dies  comatose.  If  shock  be  avoided  during  the  operation,  the 
brain  of  an  animal  may  be  removed,  producing  coma  or  stupe- 
faction, which  will  ultimately  kill,  although  for  some  time  the 
circulation  and  respiration  continue.  In  apoplexies,  fevers,  and 
other  diseases,  similar  effects  are  observable. 

It  should  not  be  overlooked  that  death  in  many  cases  is 
produced  by  a  conjunction,  or  by  the  rapidly-following  results 
of  two  or  all  three  of  these  modes.  Thus,  chloroform  may  kill 
from  the  conjoined  stupefying  action  on  the  brain,  as  well  as 
from  difficulty  of  respiration.  Coma,  from  pressure  on  the 
brain,  may,  by  influencing  the  medulla  oblongata^  aflect  the 
pneumo-gastric  nerves,  which  send  branches  to  the  heart  and 
luugH.  In  this  ciise,  death  is  the  most  rapids-occurring  in  all 
three  ways.  Hence  tlie  humane  eflbrt  of  the  hangman  not  only 
to  pro<luce  strangulation,  but  by  dislocation  of  the  bones  of  the 
neck,  to  crush  the  upper  jiiirt  of  the  spinal  cord. 

The  preceding  observations  evidently  indicate  tliat,  in  our 
endeavours  to  produce  recovery  from  either  of  these  states, 
much  will  de)>end  uj)on  the  correct  information  we  derive  as  to 
the  causes  prcnluciug  them.  In  syncope,  our  efforts  will  be 
directed  to  restore  the  action  of  the  heart  by  stimuli,  a  proper 
position,  checking  haomorrhage,  &c.  ;  in  asphyxia,  to  reproduce 
resj)iration  ;  and  in  coma,  to  remove  any  cause  which,  by  pres- 
sure on  the  brain  from  without  or  within,  interferes  with  its 
functions. 


PART  III. 

PRACTICAL  PHYSIOLOGY. 


Br  til e  term  "practical,"  is  not nnderatood  giviug  lectnrea  on 
jiractical  as  (listing iHlied  from  theoretical  subjects.  Wliat  I 
uudemtaiKl  I)}'  it  ia  causing  the  student  himself  to  perform  with 
appr()priatc  instrunienta  the  neccasary  investigations,  so  that  ha 
may  learn  the  art  of  olmervatioa,  and  obtain  the  necesKu; 
in:iiuiul  dexterity  for  arriving  at  exact  reaulta.    Thus,  practical 
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&C.,  must  first  be  accurately  observed.  It  is  then  subjected  to 
chemical  analysis,  either  quantitative  or  qualitative,  and  a  syste- 
matic mode  of  procedure  followed. 


I.  GENERAL  QUALITATIVE  EXAMINATION  OF  AN 

ANIMAL  FLUID. 

The  examination  should  be  made  in  the  following  order  : — 

1.  Reaction  to  test  paper. — The  tests  used  are  blue  litmus 
paper,  which  becomes  red  when  dipped  in  an  acid  fluid,  and  red 
litmus,  which  turns  blue,  or  yellow  turmeric  paper,  which 
becomes  brown  when  immersed  in  an  alkaline  fluid.  An  acid 
reaction  of  a  liquid  indicates  the  presence  of  free  acids  or  of 
acid  salts,  whereas  an  alkaline  reaction  is  produced  by  free 
alkalies,  alkaline  phosphates,  or  cai'bonates.  If  an  alkaline 
reaction  disappear  on  gently  heating  the  paper  over  the  flame  of 
a  spirit  lamp,  it  informs  us  that  the  alkali  is  volatile ;  if  it 
remain,  the  alkali  is  fixed. 

2.  Filter,  or  strain. — A  fine,  white,  thin  blotting  paper  is  the 
best  filtering  medium  for  ordinary  purposes.  When  the  liquid 
passes  through  the  paper  turbid,  it  should  be  returned  once  or 
twice  to  the  filter  till  it  comes  through  clear.  The  precipitate 
should  be  preserved  by  being  scraped  off  with  a  spatula  of 
ivory,  platinum,  or  steel,  or  it  may  be  washed  off  with  a  gentle 
stream  of  water  from  an  ordinary  wash  bottle.  Sometimes  it 
is  necessary  to  strain  through  one  or  several  folds  of  muslin  or 
cotton. 

3.  Heat  a  portion  of  the  fiUrate. — This  should  be  done  in 
a  test  tube  over  a  spirit  lamp.  If  no  precipitate  is  formed, 
albumin  is  absent.  If  a  precipitate  appear,  it  may  be  albumin 
or  phosphates.  Add  a  few  drops  of  dilute  hydrochloric  or 
nitric  acid.  If  the  precipitate  disappear,  albumin  is  absent 
(p.  8),  but  earthy  phosphates  may  be  there  (p.  28).  These  must 
be  looked  for  and  isolated  by  special  testa 

4.  Add  to  the  Jluid  a  solution  of  Ferrocyanide  of  Potassium. — 
If  there  be  no  precipitate,  casein  and  globulin  are  absent.  If  a 
precipitate  f.all,  take  a  fresh  portion  of  fluid  and  divide  into 
two  parts.  To  one  add  a  solution  of  chloride  of  calcium  and 
apply  heat.  A  precipitate  indicates  casein  (p.  9).  Carefully 
neutralise  the  other  portion, — if  acid,  with  an  alkali,  if  alkaline, 
with  a  few  drops  of  acid, — and  observe  whether  a  precipitate  be 
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formed  at  the  point  of  neulralisatiim.     If  a  precipit^Ae  appear,  % 
j/lo/ivlin  is  present  (p.  10). 

5.  To  a  portion  of  the  It'qiad  add  aeetie  avid. — A  precipitate  A 
may  bo  formed.  If  so,  it  is  chondriu,  mucux,  or  pfin.  To  %  .1 
portion  add  a  aolutiou  of  commoii  alum  or  sulphate  of  copper.  ' 
If  B  precipitate  fall,  soluble  in  oicess  of  the  reagert,  cAuncfrm  1 
is  preaeut  (p.  1 1).  To  another  part  add  a  solution  of  corroaive  I 
Bublimale,  and  if  there  be  a  precipitate,  we  have  pyiu,  or  macin  J 
(p,  11}.  Neutral  acetate  of  lead  distinguishes  the  two,  giving  J 
a  copious  precipitate  with  pi/in  and  a  very  ali^t  turbidity,  or  1 
none  at  all,  with  mucin. 

6.  Evnpwaie  a  fete  otauiu  of  the  liqxLid  to  o>ie-gCxt/i  of  iu  btdk.  1 
— If  a  jelly  form  on  cooling,  we  have  cAtWrin,  or yrfcUi«  (p.  10)..  J 
For  the  mode  of  distiuguiahing  ohondrin  see  Inst  parftgniph,J 
If  there  be  a  precipitate,  it  maybe  uratei,  phatpkatet,  ttAphattlfA 
aUantoin,  tyrosin,  hipparate  of  caltiaia,  or  btiumc  acid.  TheBfrfl 
must  be  eianiined  microscopically,  and  by  special  tests,  to  ba>f 
atterwanla  described. 

7.  Evaporate  afev  oi/tnca  to  a  tyrup,  and  allow  it  to  tUmd/v^M 
forts-eight  hours. — If  crystals  form,  allow  the  fluid  to  stand  a 
long  as  they  increase.  Such  crystals  may  be  trtatin  {p.  16))A 
c^eatinin  (p.  18),  Uwrin  (p.  17),  aUanCoin  (p.  IB),  tawrin  (p.  IS^'I 
tarcin  (p.  16),tnom'(e  (];i.S7),hippurate»ofpOta.iiit  orioda  (p.15),  | 
toiiivm  chloride,  and  other  salts  (p.  S8),  The  next  point  t 
determine  is,  do  the  crystals  consist  of  organic  or  iaoif^iO'l 
matter.  Beat  a  small  jiortion  on  a  clean  bit  of  platinum  foQ.  J 
If  it  blacken  when  strongly  heated,  organic  matter  is  present- 1 
If  a  whitish-coloured  residue  be  left,  after  heating  strongly,  itV 
conaist«  of  inorganic  mutter  ;  and  the  probability  is  we  have  aa-  f 
organic  add  united  with  an  inorganic  base.  If  the  crystals  con*  f 
sist  solely  of  organic  matter,  they  must  be  examined  by  pro*  I 
cesses  of  organic  analysis  for  iiitrogeu,sulphur,and  pbosphonU|J 
and  their  chemical  composition  determined,  Tlie  tests  for  the 
substances  will  be  given  when  we  treat  of  special  fluids  and  sc 

8.  Separate  the  cryUaU  frotn  the  iffmp,  and  nrh'ttul  tht 
with  alcohol  oftpcdjie  gravity  0'833. — Treat  as  follows : 

Divide  Alcoholic  Solotioh  ihto  Sis  Portiohs. 
1.  Conocntrnte,  dilute  with  wnter,  plocs  a  few  diojn  on  a 
poroolaia  iilate,  aucl  add  a  droii  of  nitric  uid.    Play 

uEculoura  indicates Biltpignent'\ 

IT.  S!). 
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2.  Concentrate,  diluto  with  water,  place  in  a  test  tube, 

add  \  bulk  of  syntp,  then  allow  a  drop  or  two  of 
sulphuric  acid  to  flow  down  aide  of  test  tube.  Play 
of  colours  at  junction  of  fluid  and  syrup  indicates       Bile  acids 

(p.  12). 

3.  Evaporate  to  dryness,  dissolve  in  water.     Apply  the 

tcHts  for  sugar  according  to  methods  to  be  afterwards 

described Sugar  (p.  25). 

4.  Evaporate  to  a  small  bulk,  add  nitric  acid ;  laminar 

cryiitab  of  nitrate  of  urea  separate  out — indicating    Urea  (p.  14). 

5.  Mix  with  a  very  strong  solution  of  chloride  of  zinc. 

A  crystalline  precipitate  indicates      .        .        .         Creatin  and 

Creatinin 
(p.  18). 

6.  Jleat  with  oxide  of  zinc,  filter  while  hot,  and  evaporate 

a  drop  on  a  glass  slide.  Club-shaped  crystals  of  lactate 

of  zinc  indicate Lactic  Acid 

(p.  27). 

9.  Eoa^wrate  part  of  original  fluid  to  dryness^  pound  the  residue 
ill  a  mortar,  and  exhaust  with  e^Acr.— This  etherial  extract  con- 
t'tiuiug  fats  in  solution,  is  evaporated  and  fuilher  examined. 

10.  Incineration. — The  residue  insoluble  in  ether  is  inciner- 
ated in  a  platinum  ca])sule,  .and  the  ash  examined  by  the  ordinary 
methods  of  inorganic  analysis. 

General  Conclusion. — By  these  ten  processes  we  ascertain 
whether  tlie  fluid  be  acid,  alkaline,  or  neutral,  and  whether  it 
contain  albuminates,  albuminoids,  or  albuminous  derivatives^ 
We  also  obtain  a  knowledge  of  the  presence  of  fatty  matters  or 
mineral  principles. 

II.  QUALITATIVE  AND  QUA XTITATIVE  ANALYSIS 
OF  SPECIAL  ANIMAL  FLUIDS. 

The  fluids  we  specially  examine  are — (1.)  The  blood  f  (2.) 

The  chfle  ;  (3.)  The  lymph  ;  (4.)  The  saliva  ;  (5.)  The  gastric 

juice;  ((>.)  The  pajwreatic  Juice  ;  (7.)  ThebUe;  (8.)  The  urine; 

(9.)  The  8we(tt.     Under  this  head  we  may  also  describe  the 

analysis  of  (10.)  The  fieces. 

Analysis  of  Blood. 

For  the  chemical  constitution  of  the  blood,  see  pp.  239,  240. 
The  analysis  is  conducted  in  the  following  manner.  The  re- 
action is  usually  slightly  alkaline. 
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1.  nWer.— Weigh  oat  a  certain  definite  qnaiitity,  emporate 
in  a  porcetnin  basin  over  a  waiter  bath,  and  dry  the  reaidua 
in  a  hot  Air  chamber,  at  a  temperattire  between  ISfV  and  130"  C. 
Weigh  again.     The  loss  in  weight  will  represent  tlie  water. 

2.  ^i^Tin.— Boceive  an  guuce  or  two  o£  the  blood  into  a  glass 
veasel  aa  it  flows  from  n  vein,  etir  it  up  for  ten  minutes  with 
a  glass  rod  or  twij^  of  birch  till  the  fibrin  is  Beparnt«d,     The 
blood,  with  the  fibrin,  is  then  weighed,  and  strained  through 
muslin  to  separate  tiie  fibrtu,  which  is  well  washed  with  wata-, 
dried,  and  boiled  with  alcohol  and  ether  to  free  it  from  f»b    I 
The  alcohol  and  ether  are  driven  ofl  hj  evaporation,  the  fibrin  j 
is  dried  at  120°  C,  and  again  weighed.    The  weight  iadicatM.J 
the  amount  of  fibrin  in  the  portion  of  lilood  examined. 

3.  Albmniii  afid  tiibtlaiuKt  coagidated  bg  heat. — A  few  o 
by  weight  of  blood  are  acidulated  with  acetic  acid,  and  added  dro||^ 
by  drop  to  boiling  water.     The  aqueous  liquid  is  then  ponre 
upon  a  carefully  weighed  filter,  and  the  coaguliini  separatei 
The  coagulum  is  then  washed  on  the  filter  with  boiling  v 
and  dried  at  120°  C.     It  is  then  Vetghed,  the  weight  of  the 
fibrin   deducted,  and  the  biihiuce  represents  albumin,  and   a 
small  amount  of  certain  other  substances  coagulable  by  heat 

4.  Fill.— A.  weighed  quantity  of  blood  is  dried  at  100°  C, 
and  treated  with  ether.     Tlie  etherial  solution  is  filtered  into  ■> 
platinum  capsule,  in  which  it  is  slowly  evaporated,  and  the  I 
residue  dried  at  100°.    The  weight  of  residue  gives  the  amount'  I 
of  fatty  matter. 

6.  ExtrOfCtiva  ffwHw  and  mineral  eomtittietitt. — The  filtrate  \ 
obtained  in  the  estimation  of  the  albumin  is  evaporated  o 
water  bath,  and  the  residue  dried  aud  weighed.  It  is  ihen 
burnt  at  as  low  a  temperature  as  possible.  An  ash  is  left, 
which  cousLsts  of  mineral  constituents.  The  weight  of  tbia 
ash  is  deducted  from  the  weight  of  the  dried  residue,  and  the 
difference  is  the  eitractive  matter.  The  mtneiul  matter  may 
also  be  obtained  by  the  process  of  dialysis  (p.  116). 

6.  Mineral  matter. — A  quantity  of  the  blood  ia  weighad,  I 
mixed  with  ignited  carbonate  of  soda,  dried  and  burnt  at  ar  ^ 
low  a  temperitture  as  possible.  The  residue  is  the  ash.  The 
incineration  must  be  done  with  great  care,  as  the  ehloridM  of 
potassium  mid  sodium  volatilisa  at  a  high  temperature  j  phos- 
phates may  be  decomposed,  and  sulphates  reduced  to  sulphidei. 
The  ash  is  then  treated  as  follows  : 
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Divide  into  Two  Pabts. 

First'portion— Treat  with  dilute  nitric  acid  ;  add  nitrate 
of  Bilver  to  precipitate  the  chlorine  as  chloride  of 
■ilver Chloridet. 

Second  portion— Treat  with  dilute  hydrochloric  acid. 
Divide  into  three  portions. 

1.  Add  chloride  of  barium  to  precipitate  sulphuric 

cid  as  sulphate  of  barium  .        .        .  Sulphuric 

2.  Mix  with  ammonia  and  a  little  acetic  acid —  ocut. 
(1.)  Add  oxalate  of  ammonia  to  throw  down 

lime  as  oxalate  of  lime         .        .        .  Lin^, 

(2.)  Add  excess  of  ammonia  to  throw  down  all 
the  ma^esia  and  part  of  the  phosphoric 

acid Magnetia  and 

phoiphoric 
acid, 
(3.)  Add  sulphate  of  magnesia  to  throw  down 

the  rest  of  the  phosphoric  acid    .        .         PKotphcric 

acid, 

3.  Add  a  little  oxalic  acid  to  throw  down  the  lime, 
and  also  a  few  drops  of  ammonia,  and  phosphate 
of  ammonia,  to  throw  down  the  magnesia. 
Filter.  Dry  the  residue,  and  dissolve  in  hydro- 
chloric acid.  Add  tetrachloride  of  platinum, 
which  throws  down  all  the  potassium  as  a 
yellow  cr}'8talline  precipitate.  In  the  fluid,  on 
evaporation,  will  be  found  the  sodium  salt    .    Potasiiumand 

Sodium, 

7.  Serum  and  coagulum, — A  certain  amount  of  blood  is  allowed 
to  stand  in  a  vessel  till  all  the  clot  Las  separated.  The  clot  is 
then  carefully  detached  by  a  needle  or  sharp  knife  from  the 
side  of  the  vessel.  The  blood  is  weighed,  and  after  the  clot  has 
contracted  as  much  as  possible,  the  serum  is  poured  off.  The 
clot  is  dried  by  means  of  blotting  paper  and  again  weighed.  If 
we  deduct  the  weight  of  the  clot  from  the  total  weight  of  the 
bloo<l,  we  find  the  proportion  of  serum. 

8.  The  colouring  matter  of  the  bloody  Hcemoglchin^  Hcemata- 
globin,  or  Hamiatocrystcdlin, — (See  p.  31,  and  Plate  I.  figa  20 
and  22.)  Take  a  few  ounces  of  blood,  beat  with  a  twig  of  birch 
for  a  quarter  of  an  hour  to  separate  the  fibrin,  strain  through  a 
linen  cloth  along  with  a  mixture  consisting  of  one  volume  of  a 
saturated  solution  of  sodium  chloride  and  nine  volumes  of  dis- 
tilled water.  A  precipitate  is  formed,  which  is  shaken  up  with 
a  little  water  and  from  four  to  ten  times  its  volume  of  ether. 
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The  ether  is  drawn  off  with  a  pipette  after  several  houra,  am 
is  found  \a  cnnttiiii  cholestrin.     Ad    aqueous  solutioii   of   tlHi< 
residue  is  uow  brought  to  a  liiw  t«niperatai'e,  aiiil  a  pulpj 
forma  consiBtiug  of  cr^vstals  of  tiEemoglobin. 

8.  EtiiiaatioH  of  Iron. — This  may  be  readilj' done  by  burning 
the  hiemoglobin  obtained  by  the  process  just  described,  Wlien 
hiemoglobin  is  burnt,  a  emoU  residue  of  ferric  oxide  is  left, 
from  the  weight  of  which  the  amount  of  iron  is  then  calculated 
(every  11)0  parts  of  ferric  oxide  containing  70  parts  of  iron). 

10.  The  oplical  propeHiei  of  Jfremoffhbin. — These  may  now 
he  examined  according  to  the  method  and  optical  pnnciplee 
described  at  pp.  3£  and  138.  For  this  puipose  we  require 
an  instrument  termed  a  *fieclroKope,  of  which  there  are 
principal  varieties,  the  ordinary  spectroscope  and  the  micro-" 
Bi>ectT0»cope.  When  there  is  u  large  quantity  of  blood  available, 
as  in  most  physinlogicfd  experimenta,  the  ordinary  speetroscopt; 
should  be  employed,  but  when  only  a  drop  or  two  of  blood  can 
be  obtained,  we  use  a  spectrum  app-iratna  fitted  to  a  microscope. 
Tlie  eouatruction  of  a  spectroscope  depends  ou  the  optical 
principle  that  when  a  ray  of  sunlight,  or  a  ray  of  white  light 
from  an  arCiSeial  source,  jKtsses  through  a  prism  it  splits  np  into 
a  number  of  individual  coloured  rays,  in  the  following  order, 
running  from  left  to  right — red,  orange,  yellow,  green,  bine, 
indigo,  purple,  aBd  violet  (p.  138).  Tlie  ordinary  inatrnment 
CousistA  essentially  of  three  parts  ;  1st,  a  tul>e  having  at  the  end 
an  adjustable  slit  for  admitting  the  light ;  2cl,  a  prism  made 
flint  glass,  or  a  triangular  glass  bottle  filled  with  Bisulphide 
Carbou  ;  and  3d,  a  magnifying  glass  or  telescope  for  increasiil|fj 
the  apparent  size  of  the  spectrum.  The  tube  of  the  telestwpe 
must  be  phiced  in  a  different  direction  to  the  lube  carrying  the 
slit,  because  the  coloured  rays  forming  the  spectnim  form  an 
angle  with  the  incident  rays  as  they  enter  the  prism.*  When  a 
thin  layer  of  a  liquid,  such  as  arterisJ  blood  (which  contains  oxy- 
hiemoglobin,  p.  32),  is  placed  in  front  of  the  slit,  the  colouring 
matter  intercepts  certain  coloured  rays  of  the  specti-um,  so  that 
two  dark  bands  are  seen  between  the  yellow  and  green  of  the 
ordinary  spectrum.  For  this  experiment  the  blood  must  be 
greatly  diluted  with  water  and  a  small  test  tube,  or  still  better, 
a  vessel  having  parallel  sides  of  thiuglass,  filled  with  the  solution, 
is  placed  before  the  slit.  To  increase  the  ampunt  of  light,  it 
'  Sdicllen,  Srectmiu  Aiulyels,    LonilDO,  IfiTK 
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maj  l)e  concentrated  od  the  alit  by  means  of  a  powerful  bull's- 
eye  condenaer. 

The  microspectroscope  of  Sorhy  knd  Browning  ia  a  spectrnm 
airangemeut  which  can  be  applied  to  any  iuicroBco]ie  by  fixing 
it  in  the  place  of  the  ordinary  eyepiece,  so  that  spectroscopic 
investigation  of  an  object  con  be  puniued  without  any  change 
in  the  wanoer  of  using  the  instrument.  By  oienns  of  this 
iostrument  the  two  absorption  bands  of  arterial,  and  the  single 
one  of  venous  blood,  can  be  readily  recognised. 

Recently,  W.  Preyer*  has  applied  the  metliod  of  apectrnm 
analysis  to  the  determination  of  the  rinantity  of  hajmoglobin, 
"  The  detcnnioation  depends  upon  the  fact  that  a  concentrated 
solution  of  hiemoglobin  in  a  layer  of  certain  thickness  is  opaqne, 
even  in  strong  iUumiuatioD,  to  all  rays  except  the  red,  Khereas 
lew  concentrated  solutions  in  a  layer  of  the  same  thickness  give 
passage  to  other  rays  besides  the  red  and  orange,  and  especially 
to  a  portion  of  the  green.  If,  therefore,  a  measured  quantity 
of  blood  placed  before  the  slit  of  the  spectisl  apparatus  be 
diluted  with  water  till  green  light  fLppears  in  the  spectnim, 
and  if  the  proportion  of  liienioglobiD  in  a  enhitinn  which  trans- 
mits the  green  under  exnctly  similar  circnmslances  has  once  for 
all  been  determined,  it  is  eiuy  to  estimate  the  percentage  of 
lupmoglc)bin  iu  the  blood  under  eiain i nation. "  f 

II.  Efftct  of  piuiinij  a  ttream  of  carbon  monoxide  through 
blood.  — When  a  stre&m  of  carbon  monoxide  is  paamd  for  some 
time  through  blood,  and  a  little  of  this  blood  is  6iaroine<l  by  Uie 
ajiectroecope,  the  two  absorption  bands  .of  oxy-hiemoglobiu  will 
be  seen.  Hoppc-Sejler  of  Straibarg  has  pointed  out  that  these 
absorption  bandd  do  not  disappear  and  give  place  to  s  single 
band  on  the  addition  of  sulphide  of  ammonium  even  after  several 
dAys,  and  he  proposes  this  unalterability  of  blood  containing 
carbou  monoxide  by  ammonium    sulphide  as  a  test  for  the 


of  this  gas  in  the  blood.  X 
12.  DftKtioH  of  blofxt  itaiTi*  by  th«  formation  of  Ila-min  eryit- 


MeclioH 

— Sprinkli 


a  few  grains  of  common  salt  on  the  stiiin. 


After  a  few  minutes  add  a  few  drops  of  glacial  acetic  acid. 
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Scrape  off  as  much  tnatter  eis  possible  from  Uie  staiu,  &ud  place 
it  on  a  glasa-Hlide.      If  necessary  to  moisten  still  more,  adil 
another  drop  or  two  of  glaciiU  acetic  acid.    Then  carefully  put 
on  a  thin  covering  glass,  and  lay  the  slide  tiside  for  two  botira  ia 
A  moderately  warm  place,  nay  four  feet  from  an  ordinary  fi 
At  the  end  of  this  time,  examine  with  a  power  of  250  dianiet 
and  the  black  crystals  of  hiemia  will  be  found.      (Plate  1.  f 
/.    19  and  21.) 
A'/  13.  Giuacum    teit  for    blood. — Another    test    _._      .     __   _ 

(^/  given  by  tincture  of  giuacum.  A  drop  of  freshly  prepared 
^  tincture  is  placed  on  a  bit  of  white  blotting-paper.  A  drop 
of  any  solution  suspected  of  containing  blood  is  added,  and  after- 
wards a  drop  or  two  of  hydrogen  dioiide  (H,0,).  If  blood  he 
present,  the  Btuin  on  the  blotting-paper  bouu  turns  front  green 
to  blue.  This,  however,  is  not  a  teat  to  be  absolutely  depended 
ou,  because  saliva,  gum  arabic,  citrate  of  iron,  &&,  give  the  sami; 
reaction.  Aa  a  negative  test,  however,  it  is  valuable,  because  if 
the  blue  colour  be  not  obtained,  blood  is  certainly  not  present.* 
14,  OtiMn  of  l/it  blood.— The  method  of  L.  Meyer  for  deter* 
mining  the  gases  of  the  blood  is  as  follows  : — The  blood  i 
diluted  with  ten  times  it8  bulk  of  water,  and  the  gases  a 
looted  by  boiling  the  liquid  iu  vacuo  at  a  gentle  heat.  The^^wa 
gaaea  are  thus  obtained.  A  few  crystals  of  tartaric  acid  ai 
added,  the  blood  isagain  boiled,  and  the  aom6in«f  gas  is  liberated,! 
The  gases  of  the  blood  consist  of  oxygen,  nitrogen,  and  carbotd^ 
acid.  They  are  introduced  into  a  special  apparatus  for  the 
analysis  of  gasi».  -)-  The  carbonic  acid  is  ab^jrhed  by  caustic 
potash,  and  the  amount  thus  determined.  The  amount  of 
usygeu  is  found  by  exploding  the  mixture  with  an  e 
hydrogen,  and  one-third  of  the  total  amount  of  contraction 
caused  by  the  explosion  is  the  quantity  of  oxygen  present.  '~ 
ascertain  the  nitrogen,  all  tlie  otiier  gases  must  be  removed,  w 
the  residue  consists  of  nitrogen.  The  gases  may  also  be  collected 
by  meaju  of  an  air  pump,  of  which  the  best  form  for  this  pur- 
pose ia  the  mercurial  air  puuip  of  Sprengel.t 

*  Vu  I>Hn,  ZelUcbrift  Apal.  Ctsm.  <L,  p.  US.     Tajlor,  Qu;'!  BosplW 
RsporU.    isea. 
t  For  OeUila  u  U  uulynj  ot  g»ea,  «»  WtU'i  Dlctioniry  of  Chnnlgtry,  loL  L  I 
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The  serum  of  blood  has  also  been  found  to  contain  sugar, 
urea,  uric  acid,  creatine,  creatinine,  hippuric  acid,  hypoxanthin, 
leucin,  and  tyrosin,  which  substances  exist  only  occasionally 
in  very  small  quantity,  and  are  difficult  to  isolate. 

Analysis  of  Chyle. 

This  fluid  must  be  obtained  from  the  thoracic  duct  of  an 
animal  killed  during  digestion.  It  is  an  opalescent,  milky  liquid, 
having  a  saline  taste  and  a  very  weak  alkaline  reaction.  The 
8{)ecific  gravity  varies  from  1012  to  1025.  It  may  be  analysed 
by  pursuing  the  same  method  described  for  the  blood.  Numer- 
ous analyses  made  by  Pelouge,  Fremy,  Rees,  Simon,  and  Naase 
vary  as  to  the  relative  projxtrtions  of  its  constituents. 

Analysis  of  Lymph. 

When  obtained  fresh  from  the  lymphatic  vessels,  its  reaction 
is  usually  alkaline.  It  soon  coagulates,  forming  a  jelly-like  coa- 
gulum.  The  coagulum  will  be  found  to  consist  of  a  substance 
identical  with  fibrin.  The  fluid  contains  albumin,  which  may  be 
readily  separated  by  dropping  into  boiling  water.  A  small 
amount  of  fat  may  be  found  by  shaking  up  with  ether.  A  very 
small  amount  of  extractive  matter  may  be  taken  up  with  alcohol. 
The  salts  are  separated  either  by  obtaining  the  ash,  or  by  means 
of  dialysis.  They  are  found  to  consist  of  sodium  chloride, 
alkaline  carbonates,  salts  of  ammonia,  sulphates,  and  phosphates. 

Analysis  of  Saliva. 

This  may  be  obtained  by  introducing  a  small  silver  canula 
into  either  Stenson's  or  Wharton's  duct,  and  may  be  examined 
according  to  the  method  already  detailed  (p.  445).  The  reaction 
is  alkaline.  £va]>oration  will  yield  the  amount  of  solid  residue. 
On  allowing  saliva  to  stand  for  some  time  in  a  beaker,  it  becomes 
opalescent  or  turbid,  and  bubbles  of  gas  form  on  the  surface. 
This  is  due  to  a  de)>osition  of  calcium  carbonate  and  the  escape 
of  carbonic  acid.  When  a  drop  of  saliva  is  placed  on  a  porcelain 
lid,  and  a  drop  of  Ferric  chloride  added,  a  blood  red  or  yellowish 
red  colour  is  obtained  owing  to  the  presence  in  saliva  of  sulpho** 
cyanide  of  jx)taasium. 

Separation  of  ptyalin. — Dilute  the  saliva  with  dilute  phos- 
phoric acid,  add  lime  water,  and  thus  obtain  a  precipitate 
containing  phosphate  of  lime,  ptyalin,  and  a  small  amount  of 
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albumin.     Shake  up  wiUi  distilled  water.     The  pty.-ilin  is  dis- 
solved and  separated  from  the  other  two  subatancea.     Tlu»| 
sohiiioa  lA  ptyalin  may  be  conceutrated  by  eyaporatioD,  and  ita<  I 
action  ou  etareh  obaerved. 

AsALTSis  OF  Gastric  Jdice- 

This  fluid  may  be  collected  by  making  in  a  dog  a  gastric 
fidtula,  into  which  a  silver  or  gold  caniila,  having  a  stop-cock, 
is  intioduceA  The  gastric  juice  ia  transparent,  colourless,  or 
slightly  yellowish.  It  haa  a  souriah  odour.  When  obtained 
during  fasting  it  is  neutral  or  slightly  alkaline,  cousiating 
chiefly  of  mucus,  but  during  the  ingestion  of  food  it  is  strongly 
acid  (p.  303). 

Wa/er. — Thia  may  be  calculated  by  evaporating  a  given  weight 
of  gastric  juice  and  weighing  the  residue.  Deduct  this  weiglit 
from  that  of  the  gastric  juice,  and  the  difTerence  yields  t 
weight  of  water. 

PreparaMon  of  pepnn. — Add  alcohol,   which  precipitates  thttTl 
pepsin.      Evaporate  aud  pepsin  is  obtained,  the  properties 
which  should  be  examined  as  follows  :^ — Dissolve  in  warmwatar.  f 
Divide  into  Gve  portions,  and  treat  as  folbwa  : 

L  Add  wlation  of  corroiiTe  ■ublimste.  ) 
a.  Adil  protoohloride  of  tin. 

3,  A'ld  baiio  Bcetate  of  lead. 

4,  Add  tumio  acid.  ) 
6.  Add  ■  few  dropa  of  hydmcliloric  or  Inctie  iicidi,  then  tevenl 

pieces  af  minoed  meat,  and  lay  aaide  in  ft  wnnn  place  (100°  P.) 
fuT  four  hours.  The  mfot  vnll  then  bt  found  nfl,  v>hitUh  in 
colour,  and  partiatli/  iigattd. 

Aeid  of  thejwice. — Great  differences  of  opinion  have  prevailed-  — 
as  to  this  point,  Benuinl  *  and  others  asserting  that  no  hydn>-fl 
chloric  acid  ia  present,  but  only  lactic  acid  ;  while  Bidder  vai  ' 
Schmidt  f  declare  tliey  have  found  free  hydrochloric  acid. 
Gastric  juice  will  always  be  found  to  give  a  precipitate  with 
nitrate  of  silver  or  oxalic  acid.      It  ia  probable  that  eometimea 
one  Eometintes  the  other  acid  is  present,  while  occasionally  both 
may  be  there. 

Ath  of  the  juice. — When  examined  in  the  usual  way,  soditmL'l 
I,  1S66.    ' 
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and  calcium  chlorides;  potassium,  sodium,  and  calcium  sulphates; 
and  calcium  carbonate  and  phosphate,  will  usually  be  found. 

Analysis  of  Pancrbatic  Juice. 

This  fluid  may  be  obtained  in  sufficient  quantity  for  analysis 
by  cutting  the  duct,  inserting  a  canula,  and  collecting  the  juice 
in  a  caouchouc  bag.  It  is  clear,  viscid,  and  has  an  alkaline 
reaction  (p.  203).  The  amount  of  solid  matter  may  be  ascer- 
tained by  evaporating  a  known  quantity,  drying  carefully  in  a 
hot-air  chamber  over  sulphuric  acid  and  under  the  receiver  of 
an  air  pump,  and  weighing  the  residue. 

Preparation  of  pancreatin, — Add  to  the  juice  its  own  bulk  of 
alcohol.  A  white  flaky  precipitate  falls.  Filter,  dry  carefully, 
and  dissolve  the  filtrate  in  water.  This  is  probably  a  solution 
of  pancreatin  along  with  a  protein  substance  allied  to  casein. 
Danilewsky*  has  tried  to  shew  that  in  the  pancreatic  juice  we 
have  three  ferments :  one  which  acts  on  starch  and  albumin  and 
fats ;  a  second,  which  acts  on  starch  and  albumin  but  not  on  fata ; 
and  a  third,  which  acts  on  starch  but  not  on  albumin. 

Analysis  of  Bile. 

Ox-bile  is  usually  examined  because  easily  obtained.  It  is  a 
transparent  greenish  liquid,  having  a  ropy  character  due  to 
admixture  with  mucus.  This  last-named  characteristic  may  be 
demonstrated  by  pouring  the  bile  from  one  vessel  to  another. 
^Sp.  gravity  about  1002.  Reaction  slightly  alkaline,  or  neutral 
(p.  203).    The  analysis  of  bile  may  be  conducted  as  follows  f  : — 

1.  3fucus. — Precipitate  the  mucus  by  adding  to  the  bile  half 
its  bulk  of  alcohol  (83  per  cent) ;  filter,  wash  the  precipitate 
with  spirit,  afterwards  with  water,  dry  in  a  hot-air  chamber, 
and  weigh. 

2.  Solid  matter. — Evapoiate  the  fiuid  obtained  by  the  last 
operation  (which  is  bile  free  from  mucus)  first  over  a  water 
bath,  then  under  the  air  pump  on  a  sand  bath  heated  to  100°  C. 
Cool  ill  vacuo,  after  which  allow  dry  air  to  pass  into  the  receiver, 
weigh  quickly,  and  the  result  will  indicate  the  amount  of  solid 
matter.  The  air  may  be  dried  before  passing  into  the  receiver 
by  passing  it  over  chloride  of  calcium. 

3.  Fat  and  cholestrin. — Pour  upon  the  solid  matter  obtained 

•   Vlrchow*s  Archirei,  xxt.  p.  2TO 

t  Watt's  Dictionary  of  Cliemittnr,  arUdo-BUe,  p.  68fi. 
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us  aboTe,  afewouncesof  ether,  and  allow  it  to  digest  for  twentjM-i 
four  hours.  Ttius  iui  etherioJ  extract  of  tbe  fat  and  cholestiia 
will  be  obtained,  nnd  the  n,monnt  of  these  Biibstaucea 
Jetermined  by  evaporatiou  and  weigliing  (p.  19).  Cholestrin  is 
easily  prepared  by  boiling  a  little  powdered  gall  atoae  in  alcohol 
along  with  a  few  drops  of  cauttic  potaah  to  dissolve  fatty 
matters.  From  this  boiliog  Hohitioii  cholestrin  separates  out  IB 
lamiuee,  often  having  a  small  notch  at  one  corner  (Plate  J^ 
fig.  19). 

4.  BiU  acid*. — These  are  taurocbolic  oud  glycooholic  adds? 
(aee  p.  12),  united  with  BoUinm  and  potassium.     They  may  ' 
obtained  by  either  of  two  methoilai. 

FirM  nulliod. — After  the  third  operation  of  removing 
cbolestriu  and  fat  by  ether,  au  iaaoluble  residue  wiU  rel 
This  must  now  be  treated  with  cold  absolute  alcohol,  which  6i^- 
solves  the  alkaline  aalta  of  the  bile  acids  along  with 
proportion  of  pigment.  Eva-porate-the  most  of  tlie  alcohol, 
ether  to  the  conceotrated  alcoholic  solutloD,  and  set  the  liqi 
aside  for  forty-eight  hours  in  a  cool  place,  A  jirecipitate  f 
formed  of  the  bile-acid-salts.  Filter,  and  dry  and  weij 
precipitate.  To  estimate  the  amount  of  alkali  united  with  tlift 
acids,  add  to  the  ether  precipitate  a  little  sulphuric  acid.  Thus 
sulphates  of  soda  and  potash  will  be  formed,  which  may  be 
separated,  weighed,  and  the  amount  of  the  alkalies  calculated. 

Second  ttxtKod. — Add  to  the  bile  along  with  alcohol,  baaic 
acetate  of  lead;  filter,  wash  tliu  precipitate  with  a  solutiou  of 
carbouate  of  soda  ;  evaporate  to  dryness.  We  thua  obtain  the 
sodium  Kilta  of  the  bile  acids,  to  which  we  add  first  a  littJe 
absolute  alcohol,  and  afterwards  dilute  with  water. 

The  chemical  compoeition  of  the  bile  acids  has  been  all 
given  at  pp.  IS  and  16.  It  is  to  be  observed  that  the  aulphi 
the  bile  exists  in  taurin,  one  of  the  ingredients  of  taurodiolic 
The  relative  quantities  of  the  two  acids  may  therefore  be  deter- 
mined by  findiug  the  amount  of  sulphur  in  the  ether  precipitate  ; 
every  six  parts  of  sulphur  correspond  to  100  jtorts  of  taurodto- 
late  of  sodium.* 

5.  The  refidue,  which  ia  usually  very  small  in  amount, 
taias  pigment,  alkaline  and  earthy  phosphates,  chloride 
carbouate  of  sodium.    The  amount  of  inorganic  salts 
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determined  by  inciueration  and  subsequent  chemical  examina- 
tion. 

Bile  pigments, — These  are  five  in  number  (p.  32),  but  they 
may  be  conveniently  divided  into  the  brown  and  the  green. 

The  brown  pigments  are  soluble  in  chloroform,  while  the  green 
are  not,  and  thus  we  have  a  ready  means  of  separating  the  two. 
The  brown  pigments  are  bilirubin  (red)  and  cholophsein  (brown). 
To  distinguish  the  cholophaein  from  the  bilirubin,  according  to 
Brlicke,*  evaporate  the  chloroform  solution,  wash  the  residue 
with  alcohol  and  ether,  until  a  brick-red  powder,  soluble  in 
ammonia,  is  obtained  (bilirubin) ;  add  to  the  ammoniacal  solu- 
tion a  little  hydrochloric  acid,  and  cholophadin  will  be  precipi- 
tated as  yellowish-brown  flakes. 

The  green  pigments  are  represented  chiefly  by  biliverdin, 
which  is  insoluble  in  chloroform,  but  easily  soluble  in  alcohol, 
benzol,  or  disulphide  of  carbon.  The  green  pigment  may  be 
formed  from  the  red  pigment  by  boiling  an  alkaline  solution 
of  the  latter  ;  and,  according  to  Stadeler,  the  change  may  be 
represented  by  the  following  equation  : — 

Bilirubin.  BUiverdin. 

The  chemical  reactions  of  alkaline  solutions  of  these  pigments 
may  be  examined  as  follows  : — 

Reagent.  Bilirubin.  Biliverdin. 

C'hloroform.  Soluble.  Insoluble. 

]i;irium  chloride.  Precipitate.  No  precipitate. 

Calcium  chloride.  Precipitate.  No  precipitate. 

Neutral  lead 

ace  til  te.  Red  precipitate.  Dark  green  precipitate. 

Silver  nitrate.  Red- Drown  precipitate.  Dark  green  precipitate. 
Nitric  acid.  Play  of  colours  ending  Play  of  colours  ending 

in  a  green.  in  a  yellow. 

Optical  properties  of  bile  acids  and  pigments. — According  to 
H()p|)e-Seyler,t  the  bile  acids  rotate  the  ray  of  polarized  light  to 
the  right.  Tlie  highest  rotatory  power  is  shewn  by  cholic  acid  (p. 
16).  An  alcoholic  solution  of  the  bile  pigments  when  examined, 
by  the  spectroscope,  give  absorption  bands  in  the  vicinity  of  the 
letters  C  and  D  of  the  spectrum.  Biliverdin  absorbs  light  at 
both  ends  of  the  spectrum,  and  if  not  much  diluted  transmita 

•  Brlicke,  J.  pr.  Chem.  Uxvii.  72.    Jahresb,  1850,  p.  C87. 

t  Iloppe-Seyler,  J.  pr.  Chem.  Ixxxix.  257.    Bull.  Soo.  Chim.  ▼.  622. 
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only  green  light.   A  rer  j  weak  solution  absorbs  only  the  extreme 
red.    Numereua  modificatiooH  of  these  abaorptiou  batida  rai.-}  be 
obtained  by  acting   ou  the   pigment   eolution  vith  uitric 
liydrochloric  acida,  or  by  lead  acetate  or  calcium  chloride.* 

Tats  for  bUe,  bile  aciJt,  and  bill  pu/tnenJ. — It  is  often  of  im- 
portance to  oacertain  the  presence  of  bile  in  urine  or  other  fluid. 
For  that  purpose  the  following  teets  may  prove  servicenble 

I.  ^od't  tat  for  bilt. — Immerse  a  atrip  ot  blotting  paper  for 
n  few  minutes  in  the  fluid,  dry,  and  add  a  drop  of  nitric  acid 
containing  a  little  nitrous  acid.  If  bile  be  present,  it  will  assume 
a  violet  colour,  changing  to  red  or  yellow.+ 

a,  Pttteniofa'a  list  far  bite  acidt.— To  a  little  diluted  bile,  or 
any  liquid  containing  bile,  in  a  t«st  tube,  add  a  tittle  powdered 
white  sugar,  or  its  equivalent  of  syrup.  Then  jmur  in  of  strong 
sulphuric  acid  (very  gradually)  rather  more  than  half  the  bulk 
of  the  liquid.  By  this  means  the  temperature  is  gnulually 
raiseil  to  the  proper  point,  and  a  deep  purplish-crimson  colour 
makes  its  appearance.  This  test  frequently  fails  when  applied 
to  urine,  but  if  an  attempt  is  made  to  separnte  the  bile  acida  b^ 
the  second  method  above  described,  and  the  teat  applied  to  the 
alcoholic  and  aqueous  solution  of  the  acids,  very  minute  quan-. 
titles  will  give  the  reaction. 

3,  Til!  nitric  acid  test  for  the  bile  pigmtnti. — Place  a  drop  of  | 
the  suspected  fluid  on  a  white  porcelain  plate,  add  c&refally  k  ^ 
drop  or  two  of  strong  nitric  acid,  and  at  the  point  of  contact  tJt 
the  fluid  with  the  acid  there  will  be  a  play  ot  colours,  poasing 
through  a  red,  green,  pink,  blue,  violet,  and  yellow.  The 
up]>earance  of  the  green  colour,  though  often  evanescent,  is 
indicative  of  bile.  A  play  of  colours  may  be  obtained  by  the 
action  of  nitric  acid  on  the  pigment  in  concentrated  urine,  but  it 
never  shews  a  green  tinge  unless  bile  is  present. 

4.  The  tUetr  <knde  teit  for  bile  pigments.— Bail  the  fluid  wUk 
.in  ammuniacal  solution  of  silver  oxide.  Acidulate  the  filtrate 
with  a  few  drops  of  bydroohlorio  acid.  A  purple  colour  will  b» 
produced  if  biliverJin  be  preseut,  owing  to  the  formation  of  an 
artificial  compound  called  bilipurpin. 

Siliarg   calciUi  or  gaUatanes.  —  Theee   concretions 
usually  of  a  nucleus  of  mucus  or  inspissated  bile,  which  becomes 
coated  with  cholestrin.     tTpon  this  successive  layers  of  eartt^ 
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phosphates  and  carbonates  are  deposited,  often  tinged  with  the 
bile  colouring  matter. 


Analysis  of  the  Urine. 

This  secretion,  from  its  great  clinical  importance,  requires  to 
be  carefully  examined.  Urine  may  be  either  healthy  or  abnormal, 
that  is  to  say,  it  may  contain  normal  constituents,  such  as  water, 
inorganic  salts,  and  organic  substances  ;  or  it  may  contain  occa- 
sional or  abnormal  constituents  such  as  blood,  albumin,  sugar, 
fat,  &c. 

1.  Physical  properties, — In  its  fresh  state  it  is  clear,  and  of  a 
light -yellow  colour,  has  a  peculiar  odour,  a  bitter  taste,  and 
an  acid  reaction.  With  regard  to  colour,  Yogel  has  classified 
the  numerous  varieties  of  shades  of  colour  we  constantly  meet 
with  into  three  groups  :  1.  Yellow  urines  ;  2.  reddish  urines  ; 
3.  brown  or  dark  urines.  These  again  may  be  subdivided.  The 
varieties  of  colour  depend  not  on  different  pigments,  but  on 
variations  in  the  quantity  of  the  same  pigment  This  may  be 
readily  shewn  by  evaporating  a  light-coloured  urine.  We  find 
that  as  the  fluid  diminishes  in  quantity,  the  colour  becomes 
darker.  On  the  other  hand,  when  we  dilute  any  dark-coloured 
urine,  the  colour  becomes  much  lighter.  The  colouring  matter  of 
the  uriue,  so  far  as  known,  has  been  already  described  at  p.  34. 

The  odour  of  urine  is  aflfected  by  food,  or  medicine,  for 
instance,  asparagus,  turpentine,  saffron,  cubebs,  &c.,  may  be 
(ictected.     Turixjntiue  gives  urine  the  odour  of  violets. 

H.  Reaction. — The  urine  of  carnivorous  animals  is  acid,  except 
during  digestion,  while  that  of  herbivora  is  alkaline,  except  after 
a  prolonged  abstinence  from  food.  The  cause  of  the  constantly 
acid  reaction  of  healthy  human  urine  has  been  disputed.  Liebig's 
view  is,  that  it  depends  chiefly  upon  the  presence  of  an  acid 
phosphate,  such  as  NaH2P04.  According  to  the  researches  of 
Lehman u,  however,  there  can  be  no  doubt,  that  in  many  cases, 
free  hippuric  and  lactic  acids  exist  in  the  urine,  and  consequently 
assist  in  giving  it  its  acid  reaction. 

The  urine  is  alkaline  during  digestion,  owing  to  the  increased 
elimination  of  alkaline  phosphate,  such  as  NasPO^  derived  from 
the  food. 

3.  Fermentations  of  urine. — Two  fermentations  occur :  Ist, 
the  acid;  2d,  the  alkaline. 
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Wlieo  the  urine  has  been  left  at  rest,  especially  under  t 
influence  of  a  moderate  degree  of  beat,  its  acid  reaction  b 
Btronger ;  and  distinct  crystals  of  uric  acid  are  often  depoeited  on 
tte  sides  and  bottom  of  the  glass.      This  increase  of  its  acidity 
usually  goea  on  for  some  days,  and  may  even  continue  in  rare 
instances  tor  two  or  tbree  weeks.    The  acidity,  however,  at  last 
begins  suddenly  to  diminish,  and  gradually  disappearB,      Th« 
urine  now  becomes  lighter  in   colour  ;   a  whitish,  iridescent  . 
[tellicle  forms  on  its  surface  ;  and  the  presence  of  anunoniacol  I 
odour  indicates  that  it  has  become  alkaline.   A  deposit  is  thrown  ' 
down  consisting  of  the  ammouiaco-maguesian  or  triple  phos 
phate,  phosphate  of  lime,  and  urate  of  ammonia.     This  change, 
the  alkaline  fermentation,  is  owing  to  the  decomposition  of  the 
urea  into  carbonate  of  ammonia.     Urea  unites  with  the  element _ 
of  water  thus  :— 

CN„H,0   +    2  (HjO)    =    (NH,),CO; 


The  urine  is  thus  rendered  alkaline,  and  the  eartiy  phospliates 
are  precipitated,^ — the  phosphate  of  lime  as  such,  am)  the  phps- 
phute  of  magnesia  aa  the  triple  phosphate  of  ammonia  and 
magnesia  (MgNH.POj  -f  (i  H,0). 

4.  Qaantiti/ in  Ucenty-four  Aour*.— The  determination  of  th«  ■  1 
quantity  of  urine  passed  in  a  given  time  forms  the  basis  of  all  J 
quantitative  investigations,  and  must  therefore  not  be  over-    i 
looked.     In  all  analyses  of  the  urine,  tlie  quantity  of  the  fluid, 
and  the  time  during  which  it  is  collected,  must  be  taken  into 
consideration.    The  time  usually  adopted  is  twenty-four  hours. 
The  quantity  can  be  determined  either  by  weight  or  mei 
butmeoaureisolniost invariably employedforthepurpoae.  The  \ 
cubic  centimetre  we  take  as  a  stiuidard  of  unity  ;  one  thousand   I 
cubic  centimetres  are  equal  t«  a  litre,  and  one  litre  of  distilled 
water  weighs  a  thousand  gnunmes.    When  we  have  learnt  the 
specific  gravity  of  urine,  the  quantity  of  which  bos  been  ascer- 
tained, we  may  readily  arrive  at  a  knowledge  of  its  weight,  by 
simply  multiplying  the  number  of  ascertained  cubic  centimetre* 
by  the  specific  gravity  of  the  urine.    Thus  lOOO  C.  C.  of  urine  o(  ■ 
I'OSO  sp.  gr.  will  weigh  1030  grammes.     The  urine  is  measured^ 
by  means  of  graduated  glass  jars  of  different  sixes.    Care  should^  I 
ahio  be  taken  in  all  examinations  of  urine  that  the  glass  V 
are  kept  quit«  clean,  because  a  small  amount  of  decompoaiitg  | 
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organic  matter  is  sufficient  to  induce  the  alkaline  fermentation 
in  a  few  hours. 

5.  Amou7it  of  solid  matter, — For  this  purpose  we  require  an 
accurate  chemical  balance,  several  small  porcelain  crucibles  or 
capsules,  a  water  bath  fdrmed  of  copper  plate,  a  hot  air  bath  or 
chamber,  and  a  shallow  vessel  containing  a  little  strong  sulphuric 
acid  which  can  be  placed  under  a  bell-jar.  The  method  of 
estimating  the  amount  of  solid  matter  is  as  follows  : — 

(1.)  Measure  ten  cubic  centimetres  *  in  a  carefully  weighed 
porcelain  capsule. 

(2.)  Evaporate  to  dryness  at  a  low  temperature  over  a  water 
bath. 

(3.)  Dry  as  thoroughly  as  possible,  and  afterwards  place  the 
capsule  in  the  hot  air  chamber  for  several  hours. 

(4.)  Remove  the  capsule  from  the  chamber,  and  place  it  over 
the  sulphuric  acid  under  the  bell-jar  for  two  hour& 

(5.)  At  the  end  of  that  time  remove  it,  and  weigh  rapidly.  The 
difference  in  weight  from  that  of  the  urine  used,  gives  the 
amount  of  solid  matter  in  the  urine. 

The  object  of  this  process  is  to  remove  the  water  as  thoroughly 
as  possible.    An  example  will  illustrate  the  calculation  : — 
Weight  of  capsule  alone         -        30*62  grammes. 
Weight  of  capsule  with  residue      30*84        „ 


Weight  of  residue        -  0*22        „ 

Therefore  in  10  C.  C.  of  the  urine  examined  there  are  0*22 
grammes  of  solid  matter.  It  is  important,  if  a  very  accurate 
estimate  is  recpiired,  to  weigh  several  times  after  the  residue 
has  been  placed  over  the  sulphuric  acid,  and  not  to  finish  the 
process  until  there  is  almost  no  difference  (say  one  or  two  mille- 
grammes)  between  the  two  weights,  f 

6.  Amount  of  organic  and  inorganic  matter, — That  the  residue 
obtiiiued  by  evaporating  a  certain  quantity  of  urine  consists 
jmrtly  of  organic  matter  may  be  easily  shewn  by  the  fact  that 
it  chars  on  being  strongly  heated.  If  a  white  heat  be  applied 
for  some  time,  the  blackened  appearance  is  removed,  and  a 

*  Tho  frrmbol  for  cubic  centimetres  is  C.  C. ;  for  grammes,  grms. ;  for  mill»* 
granimesi,  nigrms.,  Ac. 

t  A  still  muru  accurate  method  is  described  by  Neubauer  and  Vogel  in  their 
"  Guide  to  the  (Qualitative  and  (Quantitative  Analysis  of  the  Urine,**  New  Sydenham 
Society.  18G3.  P.  153.  The  method  of  examining  urine  described  in  the  text 
is  chiefly  that  of  Neubauer  and  VogeL 
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white  a-iti  is  left  behinil.    This  white  ash  consisU  of  inargAi 
salts.     Tlie  mode  of  determiniog  the  amount  of  orgai 
inorganic  nintter  is  as  follows  r — 

(1.)  Evaporate  10  C,  C,  of  urine  in  a  porcelain  capsuli 
(2.)  When  the  residue  is  dry,  s^^rape  it  out  with  a  small  plati- 
num knife,  and  place  it  in  a  weighed  platinum  capsule  (along 
with  from  10  to  la  drops  of  strong  nitric  acid  or  with  a  known 
weight  of  spongy  platinum),  iu  which  it  is  to  be  heated,   at 
first  gently,  but  afterwards  strongly.     We  thus  obtain  a  white 
ash,  free  from  carbon.     The  addition  of  nitric  acid  convertB  the 
urea  int<i  nitrate  of  urea,  wluch  when  heated  is  firat  decom- 
posed into  carbonic  acid  and  nitrate  of  ammonia,  and  finally 
escapes  as  water  and  nitrous  oxide  gns.      By  using  nitric  add 
as  an  osidising  agent  we  save  time,  for  the  urea,  which  forma 
the  greatest  part  of  the  residue,  and  produces  much  carbon  at 
the  ordinary  red-heat,  is  thereby  removed,  and  a  portion  of  Uie 
remaining  carbon  mure  readilj  oxidises  und  bums  off  under  the 
action  of  the  nitrate  of  ammonia  which  is  formeii    We  mm 
however,  carefully  avoid  adding  too  ranch  nitric  acid,  and  uai 
too  great  a  heat,  so  aa  to  avoid  losing  chlorine  and  phosphor 
(3.)  Weigh  the  ash  with  the  crucible,  and  subtract  from  it 
weight  of  the  crucible  alone,  and  the  difference  gives  the  acti 
amount  of  incombustible  salts.     Example  : — 


Weight  of  ash  in  10  C.  C.  of  u 


■13a 


T-  AmoKUt  of  waltr. — The  loss  of  weight,  after  evaporatinf 
at  a  low  temperature,  10  C.  C.  of  urine  represents  the  a 
of  water  iu  10  C.  C. 
8,  Specific  gravity. — This  may  be  determined  in  three  ways  >— 
{!.)  B^  the  tptcijic  {iraviC:^  hottie. — Aec^rtain  the  weight  of 
the  bottle  alone,  then  the  weight  of  the  bottle  filled  with  dia- 
titled  water,  and  thirdly,  the  weight  of  the  bottle  filled  « 
urine.  In  each  operation  the  bottle  must  be  quite  full  i 
carefully  wiped  dry.  Then  subtract  from  each  of  the  last  twi 
the  weight  of  the  bottle.  The  proportion  then  is  :  weight  <J 
water  :  weight  of  urine  :  :  specific  gravity  of  water  :  apecifloj 
gravity  of  urine.    Example  : — 
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Weight  of  bottle  =12  Qrammea. 

Weight  of  bottle  +  water  =  45        ^ 

Weight  of  bottle  +  urine    =  46        „ 

Therefore  33  34       :  :       1000         :        1030. 

Weight  of  Weight  of        Specific  gravity     Specific  gnvity 

water.  urine.  of  water.  of  urine. 

The  chief  objection  to  this  process  is  that  it  is  tedious,  but 
with  care  great  accuracy  may  be  attained. 

(2.)  By  the  urtnonuter.—We  obtain  only  an  approximative 
knowledge  of  the  true  specific  gravity  of  the  urine  by  the  aid 
of  the  urinoraeter.  This  instrument  consists  of  a  glass  float 
bearing  a  graduated  stem,  and  kept  upright  by  a  little  ball  at 
the  bottom  containing  mercury.  It  should  be  graduated  so  that 
the  zero  of  the  scale  be  on  a  level  with  the  surface  of  the  fluid 
when  placed  in  distilled  water,  and  the  degrees  should  go  as 
high  as  1050. 

To  determine  the  specific  gravity  of  the  urine  by  means  of 
the  urinometer,  a  proper  cylindrical  glass  is  filled  with  the 
urine,  all  froth  removed  by  means  of  a  glass-rod,  and  the 
clean  urinometer  allowed  to  sink  gently  into  the  fluid.  The 
glass  should  be  wide  enough  to  allow  the  instrument  to  float 
freely  in  the  urine,  and  not  to  touch  its  sides.  Bring  the  eye 
ou  a  level  with  the  8ui*face  of  the  fluid,  and  read  off  the  scale 
at  the  lower  level  of  the  curve  ^^^  formed  by  capillary  attrac- 
tion ;  always  read  off  at  that  leveL 

(3.)  By  glass  beads  of  such  a  weight  that  they  will  float 
exactly  at  the  surface  in  fluids  of  various  specific  gravities. 
These  beads  are  numbered  from  5  to  50,  with  many  intermediate 
uuml^ers.  If  bead  No.  20  floats  in  the  fluid  so  that  its  upper 
surface  is  exactly  on  a  level  with  the  surface  of  the  fluid,  the 
specific  gravity  of  the  fluid  is  1020. 

9.  Christison^s  method  of  ascertain  ing  tJie  amount  of  solid  matter 
from  the  specific  gravity.* — The  rule  is  to  multiply  the  last  two 
figures  of  the  specific  gravity,  ascertained  as  above,  by  2*33, 
(a  number  ascertained  from  numerous  experiments)  and  the 
quotient  gives  the  amount  of  solid  matter  in  1000  parts  of  urine. 
Example: — A  man  passes  46  ounces  of  urine  in  24  hours* 
Specific  gravity,  1025.    How  much  solid  matter  is  excreted? 

*  Sir  Robert  Cbristison,  Bart,  Tweedle*if  Library  of  Madidne,  toL  !▼.  p.  148, 

line  6. 
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—2.')  X  2-33  =  58'25  oz.  of  Bolid  matter  in  KXX)  oz.  1 
1000  :  5e'25  :  :  40  :  S'6795  oz.  J ?i*MWr.— Amount  of  a 
matter  excreted  by  kidneys  in  24  houra,  2'671)5  oz. 


Volumetric  A  halts  is. 

It  is  extremely  convenient  to  estimate  the  amount  of  « 
tain  conatituenta  of  the  urine  by  volumetric  proeesaeB  becau 
the  aualyeis  is  simplified  and  time  is  saved.      It  is  thereftw 
essential  first,  that  we  understand  the  theury  of  the  process,  foC 
which  we  are  indebted  to  GHy-Lussai:. 

Theory  of  the  proce»s.^-\t  consiBts  in  submitting  the  subsUoce 
to  be  estimated  to  certain  well-known  reactions,  using  for  anch 
reactions,  soiationa  of  known  strength,  and  from  the  quantity 
of  solution  employed,  calculnting  the  weight  of  the  ei 
to  be  estimated  according  to  the  laws  of  equivalence. 
example ; — 

Suppose  that  it  is  desirable  to  know  tbe  quantity  of  pun  i 
silver  contained  in  a  shilling.  The  coin  is  first  dissolved  in 
nitric  acid,  forming  a  bluish  solution,  containing  silver,  copper, 
and  probably  other  metaU.  It  is  known  that  cldorine  combinea 
with  silver  in  the  presence  of  other  metals  to  form  chloride  o{k 
silver,  AgCI,  which  is  inaolnble  in  nitric  acid.  The  proportion 
which  the  combination  takes  place  are  35-5  of  chlorine  to  ev 
106  of  silver  ;  consequently,  if  a  standard  solution  of  pui^^l 
cldoride  of  sodium  is  prepared  by  dissolving  eS'Sgrammesof  the 
salt  (t.c,  1  eq.  BoiUum^23,  1  eq.  chlorines 35'6  =  1  eq.  chloride 
of  sodium,  58'5)  in  so  much  distilled  water  as  will  maka  up 
exactly  1000  C.  0.  by  measure  j  every  C.  C.  of  this  solution  will 
wjntain  eiactly  enough  chlorine  to  combine  with  O'lOS  gramniM 
of  pure  silver  to  form  chloride  of  silver,  which  precipitates  to 
the  bottom  of  the  vessel  in  which  the  mixture  is  made.  Itk  the 
process  of  adding  the  NaCl  solution  to  the  silver,  drop  by  drop, 
a  point  is  at  lost  reached  when  the  precipitate  of  AgCl  ceases  to 
form.  Here  the  process  must  stop.  On  looking  carefully  at  tbe 
graduated  vessel  from  which  the  standard  solution  had  bee& 
dropped,  the  operator  sees  at  once  the  number  of  C.  C.  '  '  "  " 
have  been  necessury  to  produce  the  complete  precipitAtiou  i 
silver,  and  as  each  C.  C.  equals  'lOti  grammes  of  silver,  it  ii 
to  calculate  the  quantity  of  the  latter  present  in  the  shilling. 

We  therefore  require  iu  every  volumetric  process ; 
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1.  A  solution  of  the  re-agent,  the  chemical  equivalence  of 
which  is  accurately  known.  This  we  term  the  standard  solu- 
tion (symbol  S.S.). 

2.  A  graduated  vessel  from  which  portions  of  it  may  be 
accurately  delivered — the  burette. 

3.  The  decomposition  which  the  solution  produces  with  any 
given  substance  is  usually  of  such  a  character  that  its  termina- 
tion is  unmistakable  to  the  eye,  and  thereby  the  quantity  of  the 
substance  with  which  it  has  combined  accurately  determined. 
Occasionally,  however,  we  use  another  solution  which  pro- 
duces a  cliaracteristic  reaction  with  the  standard  solution,  and 
which  thus  informs  us  when  we  have  added  excess  of  the 
standard  solution.    This  is  termed  the  indicator. 

Apparatus  required,  1.  The  graduated  pipette. — It  is  made  of 
glass.  It  serves  for  measuring  the  fluid  which  is  to  be  investi- 
gated ;  and  when  filled  to  the  neck,  where  it  is  marked  by  a 
single  stroke  or  mark,  contains  50,  20,  15,  10,  4,  or  3  C.C.  In 
using  it,  its  point  is  introduced  into  the  fluid,  and  suction  made 
until  the  fluid  has  risen  above  the  level  of  the  mark  in  the  neck  ; 
the  upper  opening  is  then  closed  with  a  moist  finger,  the  pipette 
dried  outside  to  remove  any  adherent  fluid,  and  the  finger 
slightly  raised  to  admit  a  little  air,  and  to  allow  the  fluid  to 
escape  until  it  reaches  the  level  of  the  mark,  the  surface  of  the 
fluid  being  kept  on  the  same  level  as  the  eye.  When  the  fluid 
has  fallen  to  this  point,  the  pipette  is  again  firmly  closed  with 
the  finger,  and  its  contents  may  now  be  allowed  to  run  out  into 
any  convenient  vessel,  such  as  a  beaker. . 

2.  Flasks  and  Jars. — These  may  be  graduated  from  -^tb  litre 
to  5  litres.  There  is  usually  a  mark  across  the  neck  indicating 
the  volumetric  capacity.  It  is  convenient  to  have  these  flasks 
so  arranged  that  the  volumes  shall  be  whole  numbers — not 
1 J  litres,  2 J  litres,  but  1,  2,  3  litres,  and  so  on. 

3.  Mo/ir's  Burette. — This  instrument  (Plate  XXI.  fig.  26,  a,  c) 
consists  of  a  glass  tube  provided  below  with  a  caoutchouc  tube 
a,  which  is  closed  by  a  spring  clamp  e.  Two  or  more  of  these 
may  be  fixed  into  a  wooden  or  iron  frame  ^,  A,  m,  m,  so  as  to 
hang  down  perpendicularly. 

In  using  it,  the  pipette  is  filled  up  to  zero  with  the  volumetrical 
fluid,  the  urine  to  be  tested  measured  out  into  the  beaker  glass  l, 
and  the  volumetrical  solution  then  allowed  to  run  out  into  the 
glass  beaker  ly  by  pressing  on  the  clip,  and  towards  the  end  of 
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the  ezperinieDt  to  drop  into  it,  uutil  the  proper  quaotity  has 
beea  added.*     B;  this  arrangement  we  secure  both  a  rapid  flow 
of  the  6uid,  luid  olao  its  flow  in  single  drops.     In  investigatio] 
which  require  Bome  time  for  their  corapletioD,  two  or  more 
these  burettes  aro  enipioyeil  ;  when  completely  or  half-fiUad,  ■ 
they  are  filed  in  the  atand  ajid  there  left,  their  upper  opening  J 
being  cloacd  with  a  cork   to   prevent  evaponition.      Certain  4 
standard  solutions  act  injuriously  on  the  caoutchouc  and  damp.] 
(hhcU  as  nitrate  of  mercury  in  the  urea  process),  and  deatroy.l 
them.      In  these  instances  it  is  advisable  to  use  a  buretta^f 
having  a  glass  8t«p  cock. 

Modi  of  coaducling  Hie  procat. — In  carrying  out  the  volume- 
trical  method  of  analysis,  first  carefully  prepare  the  Bolutitnui 
required  for  tlie  purpose,  for  upon  these  Bolutions  the  correct- 
ness of  the  analyses  depends.  Special  directions  for  this  object 
will  be  given  under  the  head  of  each  particular  process.  The 
solutions  must  always  be  prepared  aud  used  at  a  giveu  tempera- 
ture, as  their  volume  varies  considerably  under  the  action  of 
heat.  Care  is  also  required  in  reading  off  the  level  of  the  fluid 
in  the  different  kinds  of  measures  used.  Bubbles  of  air  must 
be  removed  by  a  gloss  rod,  bo  that  the  surface  of  the  fluid  b« 
perfectly  level.  This  point  is  obtained  in  the  case  of  the  pipette 
by  allowing  it  to  hang  freely.  We  must  also  allow  tor  the  capil- 
larity of  the  tube.  When  we  examine  the  curve,  especially  by 
ti'ansmitted  light,  several  zones  are  readily  distinguished  in  it. 
The  measurements  are  most  accurate,  when  (the  pipette  or  the 
burette  having  been  placed  iu  a  perpendiculai'  condition)  the 
eye  is  bi'ought  to  a  level  with  the  under  border  of  the  lowest 
zone,  and  the  graduation  of  the  tube  corresponding  with  it  then 
read  off.  This  border  is  most  distinctly  marked  and  seen  b 
transmitted  light. 

When  the  urine  to  be  tested  has  been  measured,  and  the  pipetb 
or  the  burette  tilled  with  the  volumetrical  solution,  we  first  off 
all  allow  the  solution  to  run  slowly  out,  and  at  last  to  pass  dnip'fl 
by  drop  into  the  urine,  until  the  operation  is  completed.    Wheal 
the  point  of  completion  is  shewn  in  all  parts  of  tbe  fluid,  b; 
some  distinct  reaction,  or  by  the  use  of  an  indicator 
sure  that  tbe  process  followed  is  good  ;  but  if  this  be  not  the 

•  Tho  vDluBietriai]  fluid  Is  uninllj  placid  in  the  buntle  *nd  Iho  urine  In  i 
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case,  then  we  must  test  the  mixture  again  and  again  towards 
the  conclusion  of  the  experiment,  until  the  right  point  has  been 
attained.* 

Detection  and  Estimation  of  the  Individual  Inorganic 
Constituents  of  Healtht  Urine. 

Under  this  head  we  shall  include  chlorides,  sulphates,  phos- 
phates, iron,  ammonia,  and  silicic  acid. 

1.  Chlorides  (p.  28). — Nitrate  of  silver  always  senses  as  a 
test  for  the  presence  of  chlorides  in  the  urine,  giving  a  white 
curdy  precipitate.  The  phosphoric  acid  in  the  urine  also 
throws  down  a  precipitate  with  nitrate  of  silver  ;  but  this 
precipitate — phosphate  of  silver — is  soluble  in  nitric  acid,  which 
the  chloride  of  silver  is  not.  Consequently,  in  testing  the  urine 
for  chlorine  we  must,  before  the  nitrate  of  silver  is  dropped  into 
it,  render  the  mixture  strongly  acid  by  the  addition  of  one  or 
two  drops  of  nitric  acid.  This  will  prevent  the  phosphate  of 
silver  being  thrown  down. 

The  chlorine  exists  chiefly  in  combination  with  sodium,  but 
a  small  amount  is  in  the  compound  of  chloride  of  potassium. 
The  soda  may  be  demonstrated  in  the  urine  by  giving  a  yellow 
colour  to  the  inner  blow  pipe  flame,  and  the  potash  by  giving  a 
yellow  precipitate  of  octahedral  crystals  of  the  double  chloride 
of  potassium  and  platinum  on  the  addition  of  the  tetrachloride 
of  platinum  to  an  acid  and  alcoholic  solution  of  the  ash. 

The  amount  of  chlorides  varies  considerably.  They  are  much 
diminished  in  all  acute  febrile  diseases,  the  quantity  sinking  to 
a  minimum,  so  as  sometimes  to  form  scarcely  one  hundredth  of 
its  normal  standard.  The  quantity  increases  as  the  disease 
passes  away,  and  during  convalescence  is  occasionally  greater 
than  normal.  The  presence  of  a  large  quantity  of  chlorine, 
6-10  grammes  daily,  indicates  good  digestion  ;  a  small  quantity, 
under  five  grammes,  weak  digestion,  provided  always  that  the 
diet  of  the  patient  is  not  such  that  only  very  little  chlorine  is 
inf^estcd. 

2.  Sulphates  (p.  29).— The  sulphates  yield,  with  chloride  of 


*  In  th{«  work,  we  shall  give  the  rolumetrlc  processes  for  only  a  few  of  the  con- 
stitucnto  of  urine,  namely,  thofte  most  imix>rtant  physiologically  or  pathologically. 
For  details  aa  to  the  others,  reference  \m  made  to  Neubauer  and  Vogel,  and  other 

works. 
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barium  or  nitrate  of  baryta,  a  precipitate  which  ia  iusolnLle  ihj 
mineral  acida,  and  eaaily  Jetected  even  when  the  solution 
cxceeilingly  dilated.  Consequently,  in  testing  the  urine  for  ita 
sulphates,  we  firat  of  all  render  it  strongly  acid  by  tliB  addition 
of  a  drop  of  nitric  acid  or  hydrochloric  acid,  for  the  sat 
as  given  in  tlic  case  of  chloridea,  and  then  add  to  it  a  solution  of 
chloride  of  barium  or  nitrate  of  batytA.  A  heavy  predpitale 
falls  of  sulphate  of  baryta.  If,  therefore,  we  take  a  certain 
volume  of  urine,  say  10  (.'.  C,  and  add  to  it  an  equal  or  sufficient 
quaJitity  of  chloride  of  barium  and  hydrochloric  acid,  we  obtain, 
from  the  greater  or  le«s  quantity  of  precipitate  which  is  Uiereb; 
thrown  down,  au  approximative  estimate  of  the  amount  of 
phates  present  in  it. 

3.  rhotpliatsi  (p.  28).  —  These  consist  of  phosphates  ot  til* 
alkalies,  and  phosphates  of  the  alkaline  eartha.  The  latter  ftra. 
insoluble  in  an  alkaline  fluid,  and  consequently  are  always  pi'ei- 
cipitated  when  the  urine  becomes  alkaline  (p.  262). 

Tatt  for  the  pliosphatu. — (I.)  Chloride  of  barium,  or  nitrat« 
uf  baryta,  give  a  precipitate  of  phosphate  of  baryta,  soluble  is 
mineral  acids. 

(a.)  Aniraonia,  or  oauatio  potash,  or  caustic  aoda,  give  a  pre-' 
cipitate  of  phosphates. 

(3.)  Perchloride  of  iron  throws  down  from  a  solution  of  phoa^' 
phates  containing  free  acetic  acid,  a  yeUo  wish -white  precipitate 
uf  perpltoaphate  of  iron. 

(4.)  Acetate  of  uraninra  added  to  urine  containing  a  few 
drops  of  free  acetic  acid,  gives  a  light  yellow  or  lemon-coloured 
precipitate,  consisting  of  uranium  and  ammonium  double  phoa- 

(5.)  Molybdate  of  ammonia,  along  with  a  fetv  drops  of  nitric 
acid  on  boiling  yields  a  brownish,  greenish,  or  canary-yallow 
]>recipitate  of  the  phospho-molybdate  of  ammonia.  This  ia  an 
exceedingly  delicate  reaction. 

VoLUUKTRic  PftocEsa  FOB  PBOsrHOBic  Acid. 
It  is  often  important  to  determine  with  accuracy  the  ai 
of  phosphoric  acid  excreted  in  a  certain  period  of  time.    This  it 
best  accomplished  by  the  volumetric  process  which  depends  oo 
the  fact  that  a  precipitate  of  uranium  and  ammonium  double"  \ 
phosphate  (2Ur,03NH,P04)  is  immediately  formed,  when  a  h 
aolntioo  of  a  phoaphatic  salt  which  is  soluble  in  water  or  ocet 
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acid,  is  treated  with  a  solution  of  acetate  or  nitrate  of  uranic 
oxide  in  presence  of  free  acetic  acid.*  The  phosphate  of  uranic 
oxide  thus  thrown  down,  appears  as  a  whitish-yellow,  passing  even 
into  a  greenish,  precipitate  ;  it  is  completely  insoluble  in  water 
and  acetic  acid,  but  soluble  in  mineral  acids.  The  exact  point 
of  the  completion  of  the  reaction  cannot  be  ascertained  in  the 
fluid,  on  account  of  the  slimy  character  of  the  precipitate,  and 
of  the  slowness  of  its  deposition  ;  consequently,  in  order  to 
determine  whether  or  not  the  whole  of  the  phosphoric  acid  is 
precipitated,  a  small  excess  of  uranic  oxide  must  be  added, — the 
presence  of  this  salt  being  readily  shewn  by  the  highly  sensitive 
reaction  of  the  salts  of  uranic  oxide  with  ferrocyanide  of  potas- 
sium, which  gives  a  reddish-brown  precipitate.  The  ferrocyanide 
of  potassium  thus  serves  as  an  indicator. 

It  is  necessary,  in  the  first  place,  to  prepare  with  great  care 
the  standard  solutions. 

(a.)  Standard  phosphoric  acid'Solutxon, — This  solution  should 
be  so  constituted  as  to  resemble  the  urine  as  nearly  as  possible, 
as  regards  the  amount  of  phosphoric  acid  ;  50  C.  C.  of  it  should 
contain  0  1  gramme  of  phosphoric  acid.  It  may  be  readily  pre- 
pared from  chemically  pure  phosphate  of  soda,  which  has  not 
undergone  efflorescence.  The  pure  crystals  are  rubbed  down 
as  fine  as  possible,  dried  between  folds  of  bibulous  paper,  10*085 
grammes  weighed  and  dissolved  in  a  litre  of  water.  50  C.  C.  of 
this  solution  contain  exactly  O'l  gramme  of  phosphoric  acid. 

(6.)  Acetate  of  soda-solution. — It  has  been  found  0*5  gramme 
of  acetate  of  soda  is,  under  all  circumstances,  sufficient  for  50 
C  C.  of  urine.  Consequently,  100  grammes  of  acetate  of  soda 
are  dissolved  in  900  C.  C.  of  water,  and  the  solution  brought  up 
to  a  litre  by  the  addition  of  100  G.  C.  of  concentrated  acetic 
acid.  In  the  volumetrical  process,  50  C.  C.  of  urine  are  treated 
with  5  C.  C.  of  this  acid  solution  of  acetate  of  soda. 

(c.)  Solution  of  uranic  oxide, — Pure  commercial  umnic  oxide, 
is  dissolved  in  pure  acetic  acid,  free  from  all  empyreumatic 
matters,  the  solution  diluted,  and  its  strength  tested  with  the 
standard  phosphate  of  soda-solution  (a).  One  C.  C.  of  it  should 
precipitate,  and  indicate  the  presence  of,  only  0*005  gramme 
of  phosphoric  acid.  50  C.  C.  of  the  phosphoric  acid-solution 
(a)  =  0*1  gramme  of  phosphoric  acid,  would  consequently 
require  exactly  20  C.  C.  of  the  uranic  oxide   solution;  this 

*  Neubftuer  and  Yogel,  pp.  191-193. 
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solution,  therefore,  muat,  in  the  first  place,  contain  0'4023 
gramme  of  uranic  oxide  for  the  precipitation  of  the  pboephoric 
aciJ,  ajid,  eeconilly,  a  slight  excess  of  uranic  oxide  for  the 
indication  of  the  completiou  of  the  reaction. 

60  C,  C.  of  the  aolutiou  of  phoaphorio  acid  re-iuire  20  C.  C.  ol 
the  urtmic  oxiile-solatiou,  vhich  again  must  iudicat«  and  prea* 
pitate  5  milligrammes  of  phoephoric  ncid.  If,  for  example,  wa 
emploj  18'0  C.  C.  of  the  urauic  oxide-solution  to  60  C.  C.  of 
phoapboric  acid -aolutiou,  ve  munt  add  to  each  180  C.  C.  of  the 
aame  20  C.  C.  of  water.  For  this  purpose  we  measure  off  1  litre 
of  the  iiranic  oxide-solution,  and  add  to  it  the  quantity  of  wat«r 
required.  In  the  raise  supposed,  I11'2  C.  U.  of  nater  must  be 
added  to  1000  C.  0,  of  urauic  oxide-solution  to  produce  the 
required  degree  of  strength. 

Thus,  if  We  have  a  second  time  used  19'8  C.  C.  of  unnic 
oxide-solution  to  50  C.  C,  of  pboaphoric  acid  solution  (O'l 
gramme  of  phoapboric  acid),  we  add  to  each  198  C.  C.  of  the  SMine 
S  C.  C.  of  water,  and  make  a  new  and  hual  teat  with  the  phoe- 
phate  of  soda-aolulion. 

The  uranic  oxide-solution,  each  cubic  centimetre  of  whiob 
precipitates  6  milligrammeB  of  phoapboric  acid,  and  which 
coutains  a  smnll  excess  of  unuiic  oxide  for  the  final 
muflt  coutais  £0'3  grammes  of  pure  uranic  oxide  in  a  litre. 
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Proceu  for  the  wholt  of  the  photphi 
uraniam,   ferroci/anide   of  potan 
indicator. 
1  C.  C.  of  S.  S.  =  0-005  grammea  of  phosphi 

(1.)  Place  50  C.  C.  of  filtered  urine  in  a  beaker. 

(2.)  Add  to  it  5  C.  C.  of  a  solution  of  sodium  acetate. 

(3.)  Drop  in  standard  solution  of  uranium  acetate,  until  a  drop 
givea  a  faint  brown  colour  when  mixed  with  a  drop  of  potasaium 
ferrocjanide,  on  a  porcelain  plate. 

(4.)  Boil  and  test  again.  If  necessary,  add  a  few  drops  more 
of  the  8.  S.  until  the  brown  colour  again  appears  immediately 
on  testing. 

£cam;)^c— Patient  pasaes  in  24  hours  1000  C.C.  of  urine  ;  Sfir 
C.  C.  of  S.  S.  are  used  in  volumetric  process  for  phoagphoiiai 
acid.  How  much  phosphoric  acid  is  excr«l«Kl :— '005  X  S5  =b 
■125  grammes  in  50  oz.  Then  50  :  -123  :  :  loOO  :  2-5  grs 
llie  quantity  in  1000  C.  C.  of  urine. 
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ProcesBfor  estimating  the  amount  of  phosphoric  acid  united 

with  the  alkaline  earths. 

(1.)  Take  100  C.  C.  of  filtered  urine,  and  make  it  alkaline  with 
ammonia.     The  earthy  phosphates  are  thus  precipitated. 
(2.)  Let  the  urine  stand  for  12  hours. 

(3.)  Collect  the  earthy  phosphates  on  a  filter,  and  wash  with 
ammonia  water. 

(4.)  Wash  precipitate  into  a  beaker,  heat  and  dissolve  in  a  few 
drops  of  acetic  acid. 

(5.)  Add  5  C.  C.  of  acetate  of  sodium  solution,  and  add  water 
to  make  up  volume  to  50  C.  C. 

(6.)  Proceed  with  acetate  of  uranium  solution  as  before,  and 
make  the  necessary  calculation. 
Taking  the  previous  example,  we  find  that : — 
The  whole  of  the  phosphoric  acid,  as  deter- 
mined by  acetate  of  uranium  process,  is    2*5  grammes. 
Phosphoric  acid  with  the  earths  required 
5  C.  C.  of  S.  S.    Therefore,  -005  X  5  = 
•025  grammes  in   100  C.  C.  of  urine. 
Patient  passed  1000  C.  C.     Therefore,  in 
1000  C.  C.  we  find  of  phosphoric  acid 
united  to  the  alkaline  earths,       -      0*25 
Phosphoric  acid  with  alkalies,         -      2*25 

2*5  grammes. 

4.  Iron. — This  is  rarely  found  in  urine,  and  only  in  very  minute 
quantities.  It  probably  exists  in  the  colouring  matter.  For 
testing  and  ascertaining  the  presence  of  iron  in  the  urine,  the 
ash  obtained  from  the  urine  is  always  employed.  Dissolve  in  a 
few  drops  of  hydrochloric  acid.  Boil  with  a  drop  of  nitric  acid, 
and  add  a  drop  of  sulphocyanide  of  potassium,  thereupon  the 
fluid  will  assume  a  reddish  colour,  and  if  a  considerable  quan- 
tity of  iron  be  present,  a  deep  dark-red  colour.  When  mere 
traces  are  present,  the  change  of  colour  is  best  observed  by 
placing  the  tube  over  a  white  ground. 

5.  Ammonia. — According  to  Neubauer  and  Vogel,  a  small 
amouut  of  free  ammonia  is  present  even  in  acid  urine,  but  its 
quantity  is  so  small  as  to  render  its  detection  extremely  difKcult. 
It  is  of  no  importance. 

6.  Silicic  acid. — This  acid  has  been  detected  in  very  small 
amount  by  incinerating  the  ash  of  urine  with  so<lium  and 
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potassium  carbonate,  dissolving  the  ash  in  water,  and  acidulat- 
ing with  bydroi^hloric  acid.      On  ogaiu  evapomting  t< 
the  silicic  acid  remains  behind  in  a  pure  Btnte. 


These  are  urea,  uric  acid,  liippuric  acid,  ereatin  aud  creatlnin, 
xanthin,  and  benzoic,  phenyUc,  damaluric,  damulic,  and  succinic  * 
acids. 

1.  Urea  (p.  14  and  p,  25). — This  nubstance  may  be  prepared 
from  the  urine  by  first  precipitating  oil  tbe  phosphates  bjni 
of  baryta,  filtering,  evaporating  the  filtrate,  and  treating  the  \ 
residue  with  alcohol.  This  alcoholic  solution  is  evaporated  b^  V 
dryness,  and  the  product  agaiii  treated  with  pure  alcohol.  We ' 
thus  obtain  an  alcoholic  solution  of  urea,  which  crystoliiBea  out 
on  evaporation.  The  most  important  salt  of  nrea  is  the  nitrate, 
which  may  be  obtained  by  mixing  a  concentrated  solution  of 
urine  or  urea  with  concentrated  and  pure  nitric  acid.  It 
appears  as  white  plates. 

Tats  for  Urea. — (u.)  When  the  quantity  of  nrea  is  small,  the   j 
formatioH  of  nitrate  of  urea  may  be  observed  under  the  n 
scope,  and  in  thefoUowingway: — Oneendof  a  little  bit  of  thread 
is  laid  in  the  drop  which  is  to  be  tested  for  urea  ;  the  drop  itself  j 
and  one-half  of  the  threail  is  then  covered  with  the  gloss,  and 
the  other  end  of  the  threail  moistened  with  a  drop  of  pure  nitrio   j 
acid.    Ill  this  way,  the  two  fluids  being  gradually  mixeil  Uigether, 
we  may  see  the  formation  of  crystals  of  rhombic  plates  or  short  { 
prisms,  as  well  as  numerous  complicated  forms. 

(A.)  Whenasolutionof  nitrate  of  mercury  isudded  la  urit 
obtain  a  white  fioculent  precipitate,  which  varies  in  compoeitiott  I 
accordiug  to  circumstances.  It  may,  according  ^  the  quantity''  1 
of  urea  present,  consist  of  mercuric  oxide  and  nitrate  of  nraa,  or*  j 
ureacombined  with  mercuric  nitrate  and  mercuric  oxide.  Upotl  \ 
tliis  reaction,  however,  the  volumeti'ic  process  is  based. 

V01.UMKTRIC  Fjioobss  tor  Ubba. 
When  a  dilute  solution  of  urea  is  added  to  an  equally  dilute 
solution  of  nitrate  of  meiTury,  and  the  free  acid  neutralised 
by  carbonate  of  soda,  a  white  precipitate  is  obtained.  After 
all  the  urea  has  been  precipitated,  we  reach  »  point  where 
the    yellow-coloured  hydraled   oside  of    mercury  is  thrown 
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down  by  the  carbonate  of  soda,  carbonic  acid  escaping  with 
effervescence.  It  has  been  found  by  analysis  that  the  urea  is 
thrown  down  in  combination  with  oxide  of  mercury,  and  that 
the  precipitate  contains  four  equivalents  of  oxide  of  mercury  to 
one  equivalent  of  urea.  The  exact  point,  or  rather  the  exact 
point  has  just  been  over-stepped,  when  all  the  urea  is  precipi- 
tated, and  is  known  by  the  formation  of  a  yellow  pellicle  on 
the  surface  of  a  drop  of  carbonate  of  soda  mixed  with  a  drop 
of  the  fluid  being  examined  for  urea. 

Preparations  of  standard  solutions,  (a,)  Standard  solution  of 
urea, — Four' grammes  of  pure  urea,  dried  at  100"  C,  are  dissolved 
in  water,  and  diluted  until  the  volume  of  the  fluid  equals 
200°  C.  C.     Thus  10  C.  C.=*2  grammes  of  urea. 

(6.)  Standard  solution  of  nitrate  of  mercury. — Pure  oxide  of 
mercury  best  serves  for  the  preparation  of  the  mercury  solution. 
Commercial  oxide  of  mercury  may  be  obtained  sufficiently  pure 
for  the  purpose.  An  oxide  of  mercury  which  leaves  no  visible 
residue  when  heated  on  platinum  foil  is  fitted  for  the  purpoee. 
Of  this  oxide  77*2  grammes,  dried  at  100°  C.  are  taken  by 
weight,  dissolved  under  a  gentle  heat  with  the  smallest  possible 
quantity  of  nitric  acid  in  a  porcelain  basin,  evaporated  to  a 
syrup,  and  then  diluted  with  water  up  to  a  litre.  Should  any 
basic  salt  seimrate,  a  few  drops  of  nitric  acid  are  dropped  into 
it  until  the  precipitate  re-dissolves. 

The  next  step  is  to  graduate  the  prepared  solution  of  mercury 
by  means  of  the  standard  solution  of  urea.  For  this  purpose 
10  C.  0.  of  the  urea-solution  are  measured  off*  and  placed  in  a 
beaker,  the  dilute  mercury  solution  is  then  added  to  it,  until  a 
few  dro])s  of  the  mixture,  added  to  a  drop  of  carbonate  of  soda 
on  a  watch-glass,  give  a  yellow  colour.  If,  for  example,  to  obtain 
this  reaction,  we  use  19*25  C.  C.  of  the  mercury  solution,  we  add 
to  each  1925  C.  C.  of  the  mercury  solution,  7*5  C.  C.  of  water, 
and  thus  get  200  C.  C.  of  a  solution,  20  C.  C.  of  which  will  pre- 
cipitate the  urea  from  exactly  10  C.  C.  of  urea  solution  (that  is 
•2  gmis.).  Thus  10  C  C.  of  mercuric  nitrate  solution  will 
correspond  to  '1  gnus,  of  urea. 

Process  for  estimating  Urea  with  Nitrate  of  Mercury^  Carbonate 
of  Soda  being  used  as  an  Indicator, 

(1.)  If  albumin  be  present  in  the  urine,  separate  it  by  boiling 
and  filtration. 
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(2,)  Mix  the  uriue  with  half  its  volume  of  a.  aolutiou  folletl 
"baryta  mixture"  {composed  of  two  volumes  of  solution  of 
Barium  hydrate  with  one  volume  of  Bariuiu  nitrate,  both 
Batarated  io  the  cold). 

(3.)  Filter  to  get  rid  of  Bunum  sulphate  and  phoaphate. 

(4.)  Take  15C.C.otliltraU!(=10C.C.of  urine)audplaoBin   I 
a  beaker. 

(6.)  Drop  in  S,  S.  till  precipitate  ceaaes,  testing  the  mixtura 
from  time  to  time  with  a  solution  of  sodium  carbonate,  until  « 
faint  yellow  reaction  is  obtained. 

We  thus  obtain  a  knowledge  of  the  quantity  of  urea  is 
10  C.  C.  of  urine. 

£rajiipie.— Patient  paaaea  in  24  houra  1000  C.  C.  of  urine, 
14  C,  C.  of  solution  of  mercuric  nitral*  ore  employed.     How    j 
much  urea  is  excreted  ?    ICC.  of  mercuric  nitrate  solatioa 
=■01  grins,  of  urea  .■.   14  C.   C.=  14  gnus,   in   10  C.  C.  rf  - 
urine.    Then  10  :  -U  : :  1000  :  U  grins,  of  urea,  the  quantity    I 
in  1000  C.  C.  of  urine. 

Correeiiunt  for  urina  containvng  more  or  leu  than  itpo  ptrcetil, 
of  urea.' — Tlie  reaction  between  mercuric  nitrate  and  carbonat*  | 
of  soda  is  exact  only  for  fluids  containing  two  per  ceut.  of  urea, 
and  we  require  30  C.  C.  of  S.  S.  for  complete  precipitation  of  the 
urea  in  every  15  C.  C.  of  urine,  as  well  as  for  the  reaction  with 
sodium  carbonate.  When  the  uriue  contains  more  than  two 
]«r  cent,  of  urea  the  reaction  lakes  place  too  soon,  when  it  o 
tains  less  the  I'euction  is  delayed. 

(a.)  With  more  than  too  per  eent.  or  okoi  of  vrea. — ^WhcB  J 
double  the  volume  of  mercurial  solution  haa  been  used,  and  nam 
reaction  set  in,  1  C.  C.  of  distilled  water  is  added  to  the  mixtuMt) 
for  every  additional  3  C.  C.  of  the  mercurial  solution  us&d,  i 
thus  the  proportion  of  urea  is  maintained  at  two  per  ceat>  I 
Thus,  if  30  C.  C.  of  solution  of  mercuric  nitrate  are  added  to  15  CL.  I 
C.  of  urine,  and  the  reaction  is  not  seen,  1  C.  C.  of  distilled  watOP  A 
is  added,  and  the  process  is  continued.  If  the  reaction  s«t  fa.! 
when  10  C.  C,  more,  or  40  C.  C.  in  all,  of  the  mercurial  solotioa'f 
have  been  used,  the  5  C.  C.  of  distilled  water  added  (i.«.  I  C.  O.  ] 
of  water  for  every  2  C.  C.  of  the  escBM  over  30  C.  C.)  will,  i 
the  original  10  C.  C  of  urine,  make  20  C.  C,  and  the  mercuriiA  | 
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solution  iriU  have  been  employed  on  a  urine  containing  two 
per  ceut.  (A  urea- 

(A.)  With  lut  tUaa  tm>  ptr  aeni  of  una. — If  the  urine  oontain 
Easthan  two  percent,  of  urea,  aubtmct'lC-O.  from  every  5C.  CJ. 
of  mercurial  solution  leas  thui  the  Domud  30  C.  C.  Tbiia,  if 
with  IS  C.  C.  of  iirine,  the  reaction  with  sodium  carliunat«  is  got 

L  luing  20  C.  C.  of  solution  of  mercuric  nitrate,  'S  C.  C— that 

■1  X  i,  are  deducted,  and  19'8  C.  C.  Ulceu  ai  corm-t, 

2.  t'rie  acid  (pp.  13,  3^7). ^The  firesence  of  this  scid  ma}'  be 
readily  demonstrnted  in  urine  by  placing  a  few  ounces  in  a 
couical  glass,  adding  a  few  drop*  of  hydrochloric  acid,  and 
allowing  it  to  stand  for  forty-eight  hours.  Uric  acid  then 
crystAllises  out,  and  appears  on  the  surface  of  the  Suid  and 
adhering  to  the  bottom  and  sidEa  of  the  glass.  When  examined 
microscopically,  the  crystals  will  Le  found  as  represented  in 
Plate  I.  figs.  1  and  ± 

The  marexide  tut  for  uric  acid. — Place  a  few  drops  of  urine 
on  a  large  flat  porcelain  lid.  Add  a  drop  of  nitric  acid.  Evapo- 
rate nearly  to  dryness,  and  then  bring  a  glass  rod  dipped  in 
a  Bolutiou  of  lunmoniu  over  the  residue.  A  splendid  purple- 
red  or  vblel  colour  of  murexide  is  produced.  In  this  lest  the 
nitric  acid  frees  uric  acid  from  its  union  with  basen,  and  converts 
it  into  two  subfltiuices  termed  alloiau  and  alloxautin  (p.  13). 
A  compound  called  murezide  or  purpurate  of  ammonia  is  Uien 
formed  by  the  union  of  the  ammonia  with  these  two  uric  acid 
derivatives. 

A'Mff't  tttt  for  uric  acid.* — Dissolve  the  suH]iected  powder  in 
sodium  carbonate,  and  place  a  drop  of  the  aolution  ou  a  bit  of 
blotting  papi-T  moistened  with  uitnite  of  silver  solution  ;  if 
uric  acid  be  present,  a  brown  spot  appears,  carbonate  of  silver 
being  reduced  to  oiide  by  uric  acid  at  ordinary  temperatures. 

(iarrod't  tetC  for  ^rie  ofid  prttrnt  in  tmaU  quantity.^ — This 
teat  is  more  especiatly  appticnble  Xa  the  detectiou  of  uric  acid  ia 
the  blood.  Take  about  two  drachma  of  the  s«rum  and  plaw  it 
in  a  flat  gloss  dish  or  watch-gln^s.  To  this  oild  twelve  dn^  of 
ordinary  strong  acetic  acid,  whieli  will  cause  the  evolution  of  a 
few  bubbles  of  gas.  When  the  fluids  are  mixctl,  introduce  two 
or  three  threads  of  unwaahed  cntton.    Allow  the  glass  to  stand 

a 'the  mantel-piece,  or  on  a  eliclf  in  a  worm  room,  for  from 


to 
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thirty-six  to  eixtj  hours,  nntil  its  contenlA  set,  from  evnpOTaticau 
If  tlie  cottoD  fibres  be  then  remuvetl  and  eKiuuinetl  iuicroBcapi< 
cally  with  a  half-iiich  ohject-glass,.  they  will  be  fouud  coverad 
with  crystals  of  uric  ncid,  if  this  ageot  be  present  id  the  semm. 
The  crystals  form  ou  the  thread  somewhat  like  maaaes  of  sugar- 
candy  on  string. 

3.  Bippuric  odd  (p.  16). — This  acid  eiiata  in  very  minate 
quantity  iu  human  urine,  more   especially  after  a  person 
tftken  beOEoic  acid,  toluene,  cinnamic,  or  mandelic  acids,  but 
may  be  readily  prepared  by  treating  the  urine  of  a  cow  W  \» 
with  excess  of  lime  water,  and  thus  precipitating  it  ashipparato- 
of  lime.    Evaporate  to  1-lOth  of  the  original  volume  of  the 
urine,  and  add  hydrochloric  acid.    Hippuric  acid  cry HtulliseB  out 
impure,  but  the  crystals  may  be  obtained  colourless  and 
transparent  by   dissolving  them   in    water  in  the  presence  rf 
animal  charcoal,  and  allowing   them  again  to   crystallii 
(Plate  I.  fig.  6). 

4.  Creatin  and  creatinin  (p.  18). — Urine  contains  only  a 
quantity  of  creatin  and  creatinin,  so  that  a  large  nmount  of 
fluid  is  required  for  their  demonstration.  The  mode  of 
ing  theae  from  urine  ia  as  follows :— Three  hundred  C.  C.  of  freib 
urine  are  neutralised  with  milk  of  lime, and  the  phosphoric  add 
then  thrown  down  by  a  solution  of  chloride  of  ndcium.  Filter 
and  quickly  evaporate  to  dryness  in  a  wat«r-bath.  The  residue 
thus  obtained  is  extracted  with  absolute  alcohol,  allowed  to 
stand  for  some  hours,  and  ag^n  filtered  ;  the  clear  fluid  is  thea 
treated  with  a  few  drops  of  a  concentrated  solution  of  chloride 
of  zinc  fi'ee  from  add.  The  mixture  l>ecomea  turbid,  ami  the 
separation  of  the  creatinin -chloride  of  zinc  iscomplelely  effected. 
in  forty-eight  hours.  The  compound  is  washed  on  a  ftil«r 
spirits  of  wine,  dried,  and  microscopically  examined  (Plate 
figB.  II  and  IS). 

To  olitain  the  creatinin  in  a  pure  state,  dissolve  tlie  xinc  com- 
pound it!  a  small  quantity  of  boiling  water,  and  separate  the 
oxide  of  zinc  and  hydrochloric  add  by  boiling  the  fluid  with 
freshly-precipitated  aud  well-washed  hydrated  oxide  of  lead. 
The  filtered  liquid  is  rendered  colourless  by  boiling  with  ammsti 
charcoal,  aud  evaporated  to  dryness.  The  residue,  which 
aists  of  a  mixture  of  creatinin  and  creatin,  is  then  ti-eated 
cold  strong  spirits  of  wine,  whereby  the  creatinin  is  dissoh 
and  the  crealin  left. 
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Should  the  urine  opera.t«i]  upon  contiiin  nllnimin,  tbe  aJbamiii 
miiEt  be  prerionsly  Bepanited  from  it  by  cosgulation. 

fi.  Xatitkin  (p.  IC).*— The  mode  of  ptepiring  this  aubBtanee 
frpm  urine  u  u  follows :— F'resh,  health;  uriDe,  in  quantity  nut 
leM  than  from  100  to  200  pounds,  is  svsporated  in  a  water-bath 
to  from  one-siith  to  one-eightii  of  its  original  volume,  and  its 
plioBphoric  acid  removed  by  precipitation  with  barjfta-water.  The 
fillrat«  IB  again  evAporated  until  the  salta  are  orystalliscd  out  of 
it  ;  the  mother-liquor  thus  obtained  is  then  well  diluted  with, 
water,  aaolution  of  acetate  of  copper  added,  and  boiled  fur  some 
time.  A  dirty- browniah  precipitate  is  thns  obtained,  which  is 
firat  decanted  and  theu  waabed  ou  the  filter  with  cold  water 
until  all  chlori De-reaction  has  disappeared,  By  tronling  this 
precipit&te  with  hot  nitric  acid,  wp  obtain  a  brownish  solution, 
from  which  the  impure  xanthiu-ailver  compound  is  precipitAted 
by  nitrate  of  silver.  The  cryatalline  compound,  after  being 
washed,  is  dissolved  in  boiling  di]ut«  nitric  acid  ;  any  remaining 
flocculi  of  chloride  of  silver  are  removed  by  filtration,  and  the 
filtrate  set  nside  and  allowed  to  crystallise  slowly.  The  collected 
cryatalline  silver-componnd  is  freed  from  nitric  acid  by  digestion 
with  an  ammoniacal  solution  of  silver  ;  ttkc  washed  precipitate 
diffused  through  water,  boiled,  anil  the  compound  decomposed 
by  sulphuretted  hydrogen.  The  boiling  littered  solution  depouts, 
when  concentrated,  coloured  flocculi  of  santhin,  and  the  re- 
mainder ia  obtained  by  further  evaporation.  The  prepaiation 
thus  obtained  is,  however,  always  much  disoolouted  ;  but  by 
solution  in  strong  hydrochloric  acid  and  tteatmeot  with  animal 
charcotU,  the  purification  is  readily  effected.  The  tiltrate.  thus 
freed  from  colour,  yields,  when  evajMiruted,  hydrochlomte  of 
uinthin,  from  which  pure  xantliiu  may  lie  obtained  by  re- 
peated treatment  willi  ammonia,  and  by  subsequeat  removal 
of  the  chloride  of  ammonium  by  waabing  with  cold  water. 

ti.  Btruoic,  phtnjilie,  lauri/lic,  damaluric,  damoltc,  ttamnic, 
ara/ie,  /oniie,  laetia,  and  aeetin  acidi. — Human  urine  contains 
only  a  very  small  and  variable  quantity  of  theM  acids.  Acetic 
and  butyric  acids  are  usually  to  be  found  in  decumposing  urine. 
11  is  not  within  the  scojie  of  this  work  to  describe  the  various 
processes  by  which  these  snbatancea  can  be  obtained  from  uriue, 
aud  referent  is  made  to  larger  works  ou  fhyaiolugicol  Che- 
miatiy. 
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Detectio.v  ami  Ebtiication  or  thc  Abhobmal  CosaTiTL'iu«» 
OF  Ubike. 

We  sbnil  coDsider  the  following :  allmmin,  eogar,  bile  pig- 
ment, bile  acids,  Eat,  kieatein,  lactic,  acetic,  and  butyric  acicta^   | 
Bulpharetted  hydrogen,  olUDtoin,  lencin,  and  tyroeiu. 

1.  ABiamin. — This  Bubstniioe  is  occasionally  present  for  ft 
short  time  in  healthy  uriue,  but  as  a  rule  ita  presence  iB  iodioi- 
tive  of  disease  of  the  kidueya.  It  is  therefore  of  the  greatest 
imporULQce  to  be  able  to  detect  it  even  in  minute  quantity. 
Albumin  in  always  present  in  urine  containing  blood. 

Talt  for  albumin,  (a.)  Htal. — In  the  firat  place,  test  tb*  m 
reaction  of  the  urine  with  litmus  paper.  If  it  be  alkaline,  i 
neutral,  add  to  it  a  tew  drops  of  acetic  or  nitric  acids  ;  if  very  1 
licid,  carefully  neutralise  with  n  little  dilute  ammonia.  Boil  » 
small  quantity  in  a  test  tube.  It  albumin  be  present  in  amall 
uraount,  the  fluid  will  become  turbid  wbeu  the  heat  exceeds  6S* 
C.  ;  if  it  be  abundant,  there  'will  be  a  ritatinct  coagulation.  It 
is  importAnt  to  remember  that  if  the  urine  he  either  alkaline  or 
neutral,  coagulation  may  not  take  place — the  albumin,  if  preaeat 
tu  small  quantity,  uniting  with  the  alkali.  Ou  the  other  hand, 
it  a  small  amount  of  albumin  be  present  in  a  lar^  quantity  of 
water,  and  there  be  exces  of  acid,  no  coagulation  may  follow, 
because  a  combination  of  albumin  with  the  acid  may  be  formed, 
which  is  soluble  in  water.  Another  fallacy  to  be  remembered 
is,  that  upon  boiling  certain  varieties  of  urine,  a  precipitate  of 
earthy  phosphates  takes  place,  which,  however,  can  be  readily 
distinguished  by  the  addition  of  a  little  dilute  nitric  acid,  whit^ 
dissolves  the  phosphates,  but  not  the  albumin. 

(t.)  JV^ilrie  aeid  leil. — Ou  adding  nitric  acid  to  urine  a  whiW 
turbidity  occurs  if  albumin  be  present  in  small,  and  distinct 
coagulation  if  preseut  in  large,  amount     Sometimes,  however, 
no  cougnlation  is  obtained  becaiiae  nitrate  of  albumin  is  formedj 
which  issohible  inn  large qoautity of  water;  in  otherspecimnw.fl 
of  urine,  a  precipitate  of  nitmte  of  urea  may  be  formed,  whidlf  f 
however,  is  readily  delected  by  meaus  of  the  microscope  ;  whib  J 
in  the  urine  of  patients  in  the  habit  of  taking  copaiva,  cmbeb*,  1 
and   other  oleo — and   r^isinous— medicines,  a   white   turbidi' 
appears,  which,  however,  does  not  sink  to  the  bottom  of  the  t* 
tube  as  albumin  does,  but  will  vemuiu  for  many  hours  suspendsd  3 
in  the  fluid. 
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(c.)  Ferrocyanide  ofpotasnwm  tut. — When  to  a  well-filtered 
urine,  acidulated  with  acetic  acid,  a  weak  solution  of  ferrocy- 
anide of  potaasium  (5  grains  to  the  si)  is  added,  there  is  a  white 
precipitate.  If  there  be  a  large  quantity  of  mucus  in  the  urine, 
this  test  is  Dot  serviceable. 

In  testing  for  albumin,  therefore,  it  is  better  to  employ  both 
heat  and  nitric  acid  than  either  alone,  and  if  the  above  sources 
of  fallacy  are  borne  in  mind,  there  is  usually  no  difficulty  in 
detecting  even  minute  traces  of  albumin. 

Estimation  of  the  quantity  of  albumin  by  weight. — Place  20 
C.  C.  of  urine,  diluted  with  80  C.  C.  of  water,  in  a  beaker,  and 
allow  the  albumin  to  coagulate  in  a  water  bath.  Collect  the 
coagulum  on  a  filter,  wash  and  dry  it  at  100°  C,  weighing  occa- 
sionally until  there  is  no  appreciable  difference  between  two 
weighings.  This  is  albumin  with  inorganic  matter.  Incinerate, 
and  collect  and  weigh  the  ash.  Deduct  this  from  the  weight  of 
albumin  -f-  inorganic  matter,  and  the  difference  will  be  a  very 
near  approximation  to  the  amount  of  albumin.  Example, — 
Patient  passes  1000  C.  C.  of  urine  in  24  hours.  20  C.  C.  yielded 
'454  grammes  of  albumin  -|-  ash.  After  incineration,  the  ash  was 
found  to  weigh  '0015  grammes  .'.  '454 — '0015^'4525  jgrammes 
in  20  C.  C.  In  1000  C.  C.  therefore,  the  amount  of  albumin 
would  be  '4525  X  50  =  22*625  grammes.    • 

Tliere  is  also  a  volumetric  process  for  albumin  depending  on 
the  fact  Uiat  albumin  is  precipitated  by  ferrocyanide  of  potassium, 
but  it  is  open  to  so  many  objections  that  the  process  by  weight 
is  always  preferred. 

2.  Sugar, — The  variety  of  sugar  found  in  urine  is  grape 
sugar  CgHijOg  frequently  termed  diabetic  sugar.  Briicke  has 
demonstrated  that  sugar  in  small  quantity  may  frequently  be 
found  in  healthy  urine  ;  but  its  constant  presence  in  large 
amount  in  urine  constitutes  the  disease  known  as  diabetes  ()<«, 
through,  and  fictivtt^  I  pass).  The  urine  in  this  disease  is  usually 
light  coloured,  froths  readily  on  being  poured  from  one  vessel 
into  another,  and  has  a  high  specific  gravity. 

Preparation  of  diabetic  sugar  from  urine. — Evaporate  urine 
to  consistence  of  syrup,  and  allow  the  sugar  to  crystallise  out. 
It  is  still  impure,  being  mixed  with  urea  and  extractive  matters. 
Separate  these  by  means  of  absolute  alcohol,  and  then  add  to 
the  residue  spirits  of  wine  which  will  dissolve  the  sugar.  It  is 
again  allowed  to  separate  out  from  this  solution,  and  the  crystal- 
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liue  iii:LBses  purified  from  alcohol  by  repeated  re-cr3'staUisationa.V 
from  water.    When  thus  obtained,  it  is  white,  and  cryst«Uiai 
in  little  lumgis.     Tbese  are  composed  of  crystals  belongiug  to  1 1 
tlie  riiombio  Bystam. 

Ttsl» for  sMgar  in  urine,  (a.)  Moore' t  teti  with  caustic  jtotaAt  ] 
— To  the  snapected  urtaeadd  au  equ&l  bulk  of  solution  of  cauHtie.-i 
potash,  and  boil.  If  sugar  be  present,  n.  deep  ontnge-browQ  .1 
(like  dark  aherry]  will  be  obtained.  If  sugar  be  present  m^'l 
large  quantity,  the  colour  is  dark  purple,  and  frequently  tdmost  I 
black.  This  colour  is  produced  by  the  action  of  KHO  OU'J 
C,H^Og  producing  melaasic  and  glucic  acids. 
potash  uaed  should  be  freshly  prepared,  because  if  allowed  to  J 
stand  for  a  length  of  time  in  a  glass  bottle,  it  becomes  coutamir'1 
nated  with  lead,  which,  acting  on  the  sulphur  of  urine,  prodncea  < 
block  sulphide  of  lead,  and  gives  rise  to  a  deceptive  colour. 

(6.)  Trommti't  lest  with  aulphats  of  copper  and  ixtiatic  potath. 
To  the  urine  add  a  few  drops  of  solution  of  sulphate  of  copper. 
To  this  add  a.  little  caustic  potash.  This  throws  down  a  greenish 
blue  precipilal«  of  hydrated  cuprie  onide  (CuOIIjO),  wh 
dissolved  in  eicess  of  the  caustic  jmtash,  forming  a  blue  li 
Heat  this  by  applying  the  flame  of  the  lamp  to  the  uppi 
stmtum  of  the  fluid,  and  if  sugar  be  present,  n  yellow,  or  oraii|>e,~ 
or  red  precipitate  of  cuprous  oxide  (CujO)  will  he  formed,  which 
will  form  a  loarked  contrast  to  the  blue  liquid  in  the  bottom  of 
the  test  tube.  This  test  depends  on  the  fact  that  diabetic  sot^r 
has  the  property  of  reducing  cuprie  OKide  to  cuprous  oxide.  It  ' 
does  not  do  so  directly,  but  indirectly,  by  its  decomposition  'hT'M 
the  action  of  caustic  potash,  into  melaasic  acid,  which  l 
strong  tendency  to  unite  with  oxygen.  Unfortunately,  1 
other  substances,  such  as  excess  of  urates,  or  the  protein  com- 
pounils  occasionally  present  is  urine,  have  the  same  property, 
especially  with  the  assistance  of  prolonged  boiling,  and  it  is 
consequently  often  difficult  to  detect  minute  traces  by  means  of 
this  test.  If  the  cuprie  oxide  be  reduced  to  cuprous  oside  in 
the  colli,  we  may  be  sure  diabetic  sugar  is  present. 

(o.)  Feilini/'*  teit  urith  potiujio-ctiprie  tartrate  {K^('a2C,'Rfi, 
— The  composition  and  moile  of  preparing  this  solution  ^ 
subsequentiydescribed  when  treatingof  the  volumetricalestiiiii 
tion  of  sugar  (p.  482).  A  few  drops  of  it  are  added  U 
and  the  upper  stratum  boiled.  If  sugar  be  present,  it  will  rediK 
the  cuprie  oxide  in  the  alkaline  tartrate  to  cuprous  oxide,  a 
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give  the  same  reaction  as  in  Trommer's  test.  If  freshly  prepared, 
Fehling^s  solution  will  often  detect  minute*  traces  of  sugar, 
but  it  is  liable  to  decomposition  if  kept  for  even  a  week,  and 
occasionally  it  gives  uncertain  results,  even  when  the  presence 
of  sugar  has  been  ascertained  by  the  other  tests. 

(<f.)  Boucher's  test  with  nitrate  of  bismuth, — Add  to  the  urine 
an  equal  volume  of  a  solution  of  carbonate  of  soda  (3  parts  of 
water  to  1  part  of  crystallised  Na2C03),  and  afterwards  a  little 
trisnitrate  of  bismuth,  and  boil.  If  the  white  powder  become 
dark,  sugar  is  present,  owing  to  the  fact  that  sugar  has  the 
power  of  reducing  the  oxide  of  bismuth.  If  albumin  be  present 
in  the  urine,  it  must  be  first  got  rid  of  by  boiling  and  filtration, 
because  the  sulphur  of  the  albumin  may  readily  form  with  the 
bismuth  black  sulphide  of  bismuth. 

{e.)  Bichloride  of  tin  test, — Moisten  a  few  strips  of  merino 
in  a  solution  of  stannous-chloride,  and  dry  in  a  water  bath. 
On  moistening  one  of  these  strips  with  diabetic  urine,  and 
holding  it  near  the  fire,  a  brownish-black  colour  will  make  its 
appearance. 

(f.)  Fermentation  test, — Ordinary  yeast  is  mixed  with  water, 
and  a  long  test-tube  filled  with  the  suspected  urine,  to  which  some 
of  the  yeast  has  been  added.  The  tube  is  then  inverted  over  a 
saucer  containing  the  urine  under  examination,  so  that  no  air 
may  enter,  and  the  whole  is  set  aside  in  a  warm  place.  If 
sugar  be  present,  it  will  be  decomposed  under  the  action  of  the 
yeast  into  carbonic  acid  and  alcohol,  and  the  gas  will  speedily 
collect  in  the  upper  part  of  the  tube.  Another  mode  of  demon- 
strating the  change  is  to  conduct  off  the  carbonic  acid  by  a  fine 
tube  into  lime-water,  which  of  course  at  once  becomes  turbid 
from  the  formation  of  insoluble  carbonate  of  lime. 

Estimation  of  the  amount  of  sugar, — This  may  be  done  in 
two  ways  :  (1.)  by  a  volumetrical  process  ;  and  (2.)  by  means 
of  an  instrument  termed  a  saccliarimeter. 

1 .    Volumetric  process  for  Diabetic  Sugar. 

This  process  is  founded  on  the  property  already  mentioned 
which  diabetic  sugar  possesses  of  reducing  cupric  oxide  to 
cuprous  oxide.  If  we  use,  therefore,  a  solution  of  potassio- 
cupric  tartrate  which  contains,  in  a  given  volume,  a  quantity 
of  cupric  oxide  that  is  reduced  by  a  certain  quantity  of  sugar, 
we  can  estimate  the  amount  of  sugar  in  solutions  of  unknown 
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strength  by  finding  the  volume  required  for  the  decompo- 
ution  of  a  filed  quAutit;  of  copper  solution. 

Preparation  of  tfie  copper  laltuion  {Fehlin^i  tolulimi). — 34'65 
);r&mme8  of  pure  cryatallised  sulphate  of  copper  are  disaolved  in 
about  160  grammes  of  water ;  and  a,  solutiua  of  173  gramme  of 
pure  crjataUined  doubln  tartrate  of  potiub  nnd  soda  is  treated 
vrith  from  600  to  7tK)  grammes  of  cauatio  poUiah  of  1-12  sp.  gr. 
Into  the  latter  solution  the  sulphate  of  copper  solution  is  gru- 
doally  poured.  The  clear  mixture  is  then  diluted  up  to  a  litre. 
It  lias  been  found  that  t(J  C  O.  of  this  copper  solutiou  are 
reduced  by  exActly  0'05  gramme  of  diabetic  sugar, 
to  preserve  the  copper  solution  for  n  length  of  time,  i 
necessary  to  keep  it  in  n  dark  place,  in  small  stoppered  g 
bottles  (coutaining  I  or  2  ounces). 
ProouM.— ('-)  Filter  the  urine. 

f2.)  IHlute  the  urine  with  SO  times  ita  bulk  of  distilled  * 
and  place  it  in  a  burette. 

(3.)  Dilute  10  C.  C.  of  standard  solution  (s=-05  grati 
sugar)  with  20  to  30  parts  of  distilled  water,  aud  plao 
jHircelain  capsule,  under  the  burette. 

(4.)  Boil,  gradually  addiug  the  diluted  urine  from  the 
until  the  cuprous  oxide  has  been  firecipitated   as   a 
powder,  and  the  supematitrit  liquid  has  acquired  a  strsw-yeUm 
colour,  not  a  trace  of  blue  remaining. 

(5.)  Filter  the  boiling  fluid,  and  divide  into  three  portioDa : 

a.   1st  portion. — Add  a  few  drops  of  hydrochloric  acid,  « 

sJterwsrds  a  little  of  a  solution  of  sulphuretted  hydB 

gen.    The  absence  of  a  black  colour  indicates  tl 

the  cupric  oxide  has  been  reduced. 

6.  Snd  portion. — Add  a  few  drops  of  acetic  acid,  and  tJ 

test  with  ferrocyanide  of  potassium.    The 

A  reddish  brown  colour  oi  precipitate  indical 

the  cupric  oside  has  been  redurad. 

c.  .3rd  portion,— To  guard  against  the  error  of  : 

much  urine,  add  to  thia  portion  a  few  drops  of  the  cc 
solution,  and  boil,     If  a  trace  of  sugar  be  i 
reddish  colour  will  appear  in  a  short  time. 
Example— PMivai  ptuues  15,000  C.  C.  of  urine,  36  C.  C  of 
dilute  urine  were  required  to  reduce  all  the  cupric  into  cuproua 
oxide  in  10  C,  C.  of  standard  solution.    How  much  sugar  n 
pjissed :     10  C.  C.  of  .S.  S,  require  exactly  -05  grammes  of  si 
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to  effect  the  reduction,  36  C.  C.  of  dilate  nriu< 
renl  urioe  (2l)  :  1  :  :  3fi  r  l-S)  .-.  1-8  C.  C.  of  real  uriiie  eoutain 
■1)5  gramme  of  migar.  Then  X'S  ;  ■05  : :  15,000  ;  416'8  graiumea 
of  Bogiu-  in  15,000  C.  C.  of  urine. 

8.  Estimation  of  Sugar  bif  the  Saeohaniiitter, 
It  is  well  known  that  diabetic  sugar.  Id  common  with  cane 
sugar,  milk  augar,  camphor,  &c.,  ha.ve  the  property  of  rotating 
the  plnne  of  the  vibratiout  of  a  ray  of  polarised  light  to  the  right 
(p.  142).  It  has  lieen  found  also  that  the  angle  of  deviation  is  in 
proportion  to  the  length  of  the  column  through  which  the  ray 
poMes,  or  to  the  quantity  of  the  Huhatouices  contained  in  a  column 
of  given  length.  The  Boccharimeter  of  Snlell  consieta  eiueutially 
of  four  parts  :  1.  Agbtss  tube,  for  containing  the  fluid  to  be  exa- 
mined, fitted  into  a  bmas  case,  and  closed  at  both  ends  with  pUtti- 
glasB  discs  ground  to  fit  water-tight,  and  kept  tightly  in  their 
place  by  means  of  turew-capii.  Thia  ia  placed  on  a  support  be- 
tween a  polarising  and  analysing  apparatus.  2.  A  polarising 
apparatus  consisting  of  au  achromatic  calc-spnr  prism,  having 
a  small  screen  behind  it  (that  is  nearer  the  tube  containing  the 
Bolution)  which  intercepts  one  of  the  iniuges  ;  and  a.  double 
plate  of  quarts,  one  half  being  dextro, — and  the  other  lievro- 
rotatory.  3.  An  analysing  appttratQs,conBiKtiDgof  a  quartz  plnl« 
cut  perpendicularly  to  its  axis,  and  a  doubly  refracting  prism, 
fitt«d  iuto  a  small  telescope ;  and,  4.  An  apparatus,  termed  a  00m- 
penMotor,  which  is  placed  between  the  quarts  plate  and  doubly 
refracting  prism  just  mentioned.  This  consists  of  two  elongated 
quartz  prisms  cut  perpendicular  to  the  axis,  each  one  being 
narrower  at  one  end  than  at  the  other,  and  set  on  two  rocks 
moved  horizontally  by  a  toothed  pinion,  so  as  to  Tftty  tlio 
thickness  which  the  modified  light  bos  to  traverse,  One  rack 
carries  a  scale  (tenths  of  a  milimetre),  the  other  a  vernier  (tenth 
of  the  tenth  of  a  milimetre— l-l(H)th  of  a  milimetre)  10  as  to 
measure  the  displacements  of  the  prisms. 

Mode  of  uriiiff  the  taccharimeter. — The  instrument  is  placed 
before  a  bright  light,  the  polarising  apparatus  being  next  the 
light.  The  tube  is  filled  with  distilled  water,  core  being  taken 
to  exclude  all  bubbles  of  air,  and  is  placed  between  the  polarising 
and  analysing  apparatus.  Thu  eye  is  now  directed  to  the 
telescope.     If  the  iustrument  bo  correct,  a  disc  of  coloured  light 
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ia  seeu,  divided  into  two  be'iuisplieres  bj  a  very  faint  dark  line, 
when  the  seros  of  the  reruicr  aud  scale  cairiuide.  Tlie  tube  ia 
now  emptied  of  distilled  water,  carefully  tlried,  and  filled  with 
uriiie  which  has  beejj  prepared  by  addiug  to  it  a  solation  o(  acetat« 
of  lead,  aod  61teriDg.  When  the  polarised  light  is  allowed  to  pass 
through  tJtis  stratum  of  uriae  oontainiiig  diabetic  sugar,  the  two 
hemispbereB  will  now  be  found  to  have  difi^rent  colours,  say  one 
red  and  the  other  bhie,  and  the  object  is  dow  to  bring  back  the 
two  liemispheres  to  the  same  tint  by  moving  the  oompensntjiig 
prisms,  which  is  done  by  tiimiag  a  screw  attached  to  the  pinion 
already  mentioned.  By  thus  moving  the  conipenBator,  we  pro- 
duce an  iuveraion  of  the  rotation  of  the  ray  of  polarised  light 
opposite  to  that  produced  by  the  liqitid,  and  the  displaoe- 
Juent  of  the  vernier  gives  the  angle  of  deviation — tlie  thickneae 
cf  quartz  corresponding  to  oae  division  of  the  scale  being 
known.  The  number  of  d^rees  on  the  scale  is  now  read  off, 
And  each  degree  corresponds  to  a  certain  amount  of  sugar  in  a 
known  quantity  df  urine.  The  instriinieDt  in  use  in  the  physio* 
logical  laboratory  of  Edinburgh  Universily,  is  so  adjusted  tlkat 
each  degree  of  tlie  scale  corresponds  to  '111  ounces  of  diabetic 
sugar  iu  50  ounces  of  nrine.  Thus,  suppose  a  patient  paasea 
SOO  ouuoes  of  urine  ia  84  hours,  How  much  sugar  is  excreted  ( 
The  urine  is  examined  as  above,  and  it  is  found  that  the  zero  of 
the  vernier  is  opposite  38  of  the  scale  when  the  tints  of  the 
hemiapheres  are  eiactly  the  same.  Then  2eX-lU  =  3'106 
OE.  in  60  oz.  .-.  3'108  X  4  =  I2'432  oa.  in  200  oz  of  sugar.* 

3.  BtU, — Urine  containing  bile  has  a  peculiar  greeuish-black 
colour.  The  teist«  for  bile  acids  and  bile  pigment  have  alread] 
been  ({escribed  at  p.  45S,  while  treating  of  bile. 

4.  FqZ. — Occasionally  fat  is  found  in  the  urine  in  the  ft 
oil  globules,  but  it  is  usually  associated  with  fatty 

ng  an  advanced  condition  of  Bright's  disease. 

5.  CkyloiLa  urine. — This  urine  is  white,  from  the  abundauee 
of  fatty  molecules  it  contains.  Sometimes  albumin  m  preseut 
when  it  ooagulat«s  on  cooling.  It  is  probaltle  in  these  cases 
there  nuiy  be  some  abnormal  communication  between  the  lacl«aJ 
syatem  and  tlie  uret«rs  or  kidney. 

6.  A"«Mleira.— The  urine  of  pregnant  women  often  stewa  a  fat- 

*  Fur  *  gamphste  dendptlon  and  tgare  of  Ihs  awahnTimi 
IMoBoniry  of  Chomtstry- mtiolo,  "Lighf  Vol,  III  p.  BT*.  , 
OiriU'i  Nduv»u  ei«iii(iita  di  Pbyriquo  MtOloIe.    PirU,  ISIU,  p 
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like  Bcaiu  oa  the  surface,  wliich  cousiats  of  crystals  of  tniile 
plicMphnte,  fat  globules,  anil  n  groaulnr  matter  of  an  albiimmous 
nature  called  kieetuiu.    Wheu  kept,  it  sroelb  like  old  cheese, 

7.  Laatie  miid. — Thli)  ndd  is  nir«lj  fouud  in  urine,  and  ita 
presence  caunot  be  determiued  bjr  any  specinl  teat,  but  hj  the 
foUuwing  niude  of  procedure  :  Ev&porate  fresh  urine  uefu-ly  to 
dryness,  and  treat  the  retiiduo  with  a  eolutiun  of  otalic  acid  in 
alcohol.  Oitdntes  are  thrown  down,  while  the  lactic  acid 
renisiDS  in  solution.  This  flnid  is  then  digested  with  litharge, 
evaporated  to  dryness,  and  an  alcoholic  solution  of  kctate  of 
lead  obtained.  This,  in  turn,  is  decompoaei)  by  t>ii I phu retted 
hydrogen,  the  milphido  of  lead  filtered  oH',  and  thu  fluid  evapo- 
rated to  a  syrup.  The  aymp  is  now  shaken  up  with  ether, 
thtf  etherittl  solution  of  lactic  acid  evaporate,  and  the  lactic 
acid  dissolved  in  water.  The  aqueous  solution  is  now  boiled 
with  Einc  oiide  and  tim  crystals  uf  lactate  of  zinc  are  allowed 
to  sepArat£. 

8.  Acftiii  and  (riUyric  acid*- — These  are  found'  only  iu  decom- 
posing urine,  nod  it  is  not  iniportant  to  detect  or  isolate  them. 

9.  Sidphurettad  hgdrogen. — This  gas  has  rarely  been  fonud 
iu  urine.  It  may  be  readily  detectod  by  blackening  a  piecg  of 
paper  dipped  in  a  solution  of  acetate  of  lead  and  held  over  it. 

10.  All>tatoin  (PL  1.  fig.  8).— Sclwttin  has  found  this  sub- 
stnuce  in  the  urine  of  a  man  who  had  taken  a  Urg«  ijuanttty  of 
tannic  acid-  It  has  also  been  faunit  in  the  urine  of  young 
children,  but  it  is  probable  ite  presence  is  only  temporary.  Ha 
detection  is  of  no  practical  importance. 

11.  Leudn  (PI.  I.  fig,  10).— This  product  hoa  been  found  in 
the  urine  uf  individuals  sufleriug  from  hepatic  disorden.  There 
is  uo  chemical  test  for  its  presence,  and  it  can  only  be  identified 
in  deposits  by  niiorowopiuaJ  examination.  It  usually  is  fouud 
in  the  form  of  rouudbh,  yellowish  coloured  balls,  which  consist 
iu  reality  of  mnasea  of  small  needle-like  crystals. 

12.  Tj/roiin  (PI.  1.  fig.  9).— It  is  formed  under  the  sama 
conditions  as  favour  the  production  of  lencin,  and  like  it,  can  be 
identified  only  by  means  of  the  microscope.  It  conaisU  uf  atel- 
lato  groups  of  long  silky  needles,  not  iu  balls  or  coloured,  aa  is 
tlie  case  with  leuciu. 

ExAwsATioN  or  TUB  Sedihksts  or  TThike. 
These  may  be  eonTeuleotly  divided  into  t.  those  occurring 
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\a  acid  or  alkaline  urine,  nitmulj,  nric  acid,  urates,  ptioepl 
oxaJnteH,  and  cyatia  ;   2.  tlioae  found  in  alkaline  urine 
namely,  the  ammoniaco-oiagnesian,  or  trijile  pbosphnLe,  p 
phate  of  lime,  and  urate  of  ammonia;  and  3.  organised dept 
namely,  mucua,  blood,  pus,  tabe  casta,  apermatoisoidH,  t 
aarciuK,  bacteria,  ribrionea,  &c. 

1.  Hepoiiu  found  occaiioniili/  in  acid  or  alhtliiie  un'ne, 
in.  tkt  former. 

(I.)   I'Hc  add  (PL  I.  figs.  1,  2).— This  appears  aa  a 
reddiab,  or  browu  coloured  aediment,  couaisting  of  littlt 
of  cryat&la.     It  aaaumes  -various  crystalline  forma  :  (a.)  lozenge- 
shaped  rhombs ;  (6,)  rectangular  tables  or  prisms  ;  (c.)  damb- 
bell  crystals  ;  and,  (i^.)  spindle  or  barrel-shaped  forms. 

(2.)  Urata. — These  appear  when  the  urine  is  cold,  if  the 
are  present  in  excess,  because  unites  are  much  more  sr>lubl«{ 
hot  water  than  in  cold.  Consequently,  every  deposit 
disappears  on  heating  coasiata  of  urntea.  They  usually  fona  & 
heavy  precipitate  at  the  bottom  of  the  glass,  presenting  on  ill- 
defined  upper  border.  The  deposit  may  be  white,  or  deeply 
tinted  by  the  colouring  inntter  of  the  urine.  Such  deposits 
have  been  termed  "  lateritious  deposit,"  "  brick-dust  deposdt," 
"  critical  deposit,"  and  "  purpuratea."  (a.)  Urate  of  Soda  is 
aroorphuus  in  urine,  but  when  prepared  artificially,  by  acting 
with  uric  acid  on  sodium  phosphate,  it  forms  acicular  crystals 
{Plat*  I.  fig.  3).  (i.)  Vraie  of  ammonia  appears  as  an  amor- 
phous granular  sediment,  or  in  the  form  of  brown  round  balls 
covered  with  spines  (Plate  I.  fig.  4  and  fig.  18,  ft),  (a.)  Urate  of 
limt  is  very  rare,  and  appears  as  a  white  amorphous  powder. 

(3.)  Phoiphatu. — In  acid  urine,  phosphates  may  be  present 
in  eiceas,  when  they  a[(pear  aa  a  cloudy  precipitate,  at  once 
soluble  in  a  drop  of  nitric  or  hydrochloric  acida 

(4.)  OxaXatt  of  Unu  (Plate  I.  fig,  17).— This  salt  is  easily 
detected  by  its  characteristic  crystals,  wliich  are  octahedra  (a.) 
or  dumb  beUs  (6.).  It  is  not  found  as  a  distinct  sediment,  but 
exist«  as  isolated  crystals  entangled  in  the  mucous  cloud 
which  it  is  usoally  associated. 

(5.)  Cyitin  (Plate  L  fig.  6). — Tliis  is  occasionally  found 
sediment  mixed  with  amorphous  urates.     Under  thi 
its  transparent,  colourless,  i^ix-aided  plates  can  scarcely  be 
taken.    If  it  eiiut  iu  large  quantity  along  with  ui%t«s  or 
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plutea,  or  both,  it  may  be  distingnighcd  from  them  by  heating 
and  adding  acetic  acid,  Tbe  heating  diHwIves  the  urates,  ftnd 
the  acid  dissolves  the  phoaphutee,  but  ueitlier  have  any  effect 

2.  Depniiu  found  oecationally  in  aUtaline  arine  only. 

The  formation  of  these  haa  alirady  been  expUined  at  p.  2G2 
and  p.  460.  They  are  all  diasojved  on  adding  a  few  drops  of 
nitric  or  hydrochloric  acids.     They  are, 

(1.)  Ammonwm'tiutgiitnan,  or  triple  photpkaU  {Phite  I.  fig. 
IS), — This  salt  always  exists  in  ammonincal  urine,  Bad  in  easily 
recognised  by  its  well-known  cryHtaUine  forma.  It  is  usually 
found  in  variously  raodiGed  Bix-Htcled  cryBtals,  some  elongated 
(A),  othcra  nearly  square  (see  to  right  of  b),  some  having  sharp 
angles,  while  others  have  broad  facets  (u),  and  iu  very  alkaline 
urine  they  appear  ax  feathery  cryslaU  (e). 

(2.)  Phonplutu  nf  lime. —  It  is  uaniJly  an  amor|)h(iua  white 
powder,  but  occasionally  it  appears  aggregated  into  roBett«-like 
crystals. 

(3.)  rratt  of  aimnonia  ia  always  present  iu  alkaline,  aud 
rarely  in  acid  urine.     It  has  been  described  above, 

(4.)   Crate  of  Umt  is  also  occasionally  found  iu  alkaline  urine. 

3.  Organited  depotiu. 

Tlicseare  mucus,  blood,  pun,  tube  casta,  Bpermatozoids,  toruhe, 
sarcintp,  bacteria,  vibriouea,  Ac. 

(1.)  Mhch*. — When  urine  ia  left  at  rest,  cloudy  traniiparent 
flociili  are  seen,  which  consist  of  mucun  entangling  various  forms 
of  epithelial  cells,  derived  from  the  urinary  possAges.  If  the 
supernatant  liquid  be  carefully  poured  off,  and  acetic  acid  addeil 
to  the  mucua,  it  coagulates,  forming  delicate  molecular  Hbrea 
(Plat*  IV.  fig.  1). 

(2.)  Blood. — Urine  containing  blood  has  a  peculiar  tmoky 
colour  that  the  practised  eye  can  readily  detect,  but  the  best 
test  is  to  identify  tbe  blood  corpuscles  by  nieana  of  the  micro- 
scope. As  a  rule,  the  blooil  corpnscles  are  colourless  and  liave 
lost  their  biconcuve  form,  aud  are  globular  from  the  iml^ribitiou 
of  water.  Urine  containing  blood  always  contains  a  trace  of 
albumin. 

<3.)  Piu. — 11  there  be  a  thickisli  yellow  deposit  at  the  bottom 
of  the  veaiel,  which  has  a  stringy  cousiat^uce,  it  usually  consisU 
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of  mucus  containiiig  pus.     Pour  off  the  Hupematant  fluid,  I 
RiJd  to  tha  ileposit  an  equal  linik  of  caustit  potash.    It  at  o 
gelatinizes,  becoming  so  thick  nnd  tough  that  it  cannot  ti^fl 
poured   from   the   teat   tube.     When  pus  is  present   i  ~" 

quantity,  by  means  of  the  microscope  we  can  readily  detect  t 
jnis  corpuBclea  (Plate  111.  flgs.  17  and  Ifi). 

(4.)  Tvhe  eaits. — These  boiiies  are  detected  by  allowing  a 
sediment  to  fall  to  the  bottom  of  a  conical  glass,  removing  tf 
email  portion  of  it  with  a  fine  pipette,  phtdng  a  drop  oi 
oovering  it  with  a  thin  glass,  uni  examining  it  with  a  power  oj 
£50  diam.  linear.    Tube  casts  are  of  various  kiuda,  bat  t~ 
maybecoavenientlyclasaifiedundorthe following:  a.  Fibt 
casts,  often  containing  blood  discs  ;  b.  Desquamative  ci 
taining  epithelial  cells  ;  c  Granular  or  fatty  casts,  <x 
numeroua  oil  globules,  free,  or  in  the  epithelial  cells  (PI.  1 
6gH.  12  and  13) ;  d.  Hyaline  or  waxy  coats,  solid  aud  t 
parent,  or  containing  epithelial  cells,  granules,  and  free  naclei.,  | 

(5.)  Spermatozoidt,  tondie,  tarciTuc,  bacteria,  vibno/iet,  t 
Theae,  occasionally  found  in  nriue,  may  all  be  readily  detec 
by  their  characteristic  microscopical  appearance. 

The  gases  of  the  urine  are  not  of  importance,  anJ  i 
suffident  to  state  they  are  the  same  as  those  of  the  blood,  a, 
variable  proportion. 

CUUICAL  EXAMISATION-  OF  THE  miNB. 

The  examination  of  a  specimen  of  uriue  is  to  he  maile  in 
following  manner  :— 

1.  Colour,  whether  pile  trtm  being  lUlnte,  dark  from  being  eon 
tretod,  dark  or  greeniab  from  preienoB  of  bile,  «moky  from  blood. 

2.  Sjiidl,- Futgraul  from  the  «idit«no«  of  cyitine,  at  (ugar,  ke.,  or 
Iielid  from  Klkulinitf . 

3.  Sftatare  quantity  paued  in  24  houri,  and  obBervo  whether  there  ia 
exoeu  or  dtmiautian. 

i.  Spreifie  ffraritg. — Tafco  th«  ipMifio  gmvity,  if  poasiblo,  of  the 
miierl  urine.  Normal  ip.  gr.  1030.  If  high,  nUEpeoC  sugnr;  if  low, 
■uapeet  albumin. 

G.  Reaclim.—\l  Bcid,  le  it  normiJIy  bo  or  not!  If  eiecidvctjr  add, 
CTunine  foe  orystsU  of  uric  uid.  If  alkaline,  aicartun  whether  the 
alkiUi  ii  liied  or  volatile. 

6.  Btiit. — Heat  a  portion  in  a  toit-tuhe.  If  a  pieoipitate  appear,  it 
may  bo  albumin  or  phatpbates.  Add  a  drop  oi  two  of  nitrio  or  hydro 
ohlorio  Dcidi.  If  preoipitate  diagolve.  phoiphaia:  if  not,  athunun.  Q 
a  d«poiit  dianppoar  on  btating,  we  have  arata.    If  it  do  not  dlaappau^  . 
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add  a  drop  of  nitric  acid.    If  now  diaiol¥ed,  we  have  pkwpkala  2  if 
not,  eytiin, 

7.  Bile, — Teat  for  bile  pigment  and  bile  acids,  if  neceiaary  (p.  458^ 

8.  Sugar.— TeBt  for  sugar,  if  necessary  (p.  481). 

9.  Chlorides.— Add  a  drop  of  nitric  acid,  and  then  nitrate  of  silver, 
till  a  precipitate  ceases  to  form.    Thus  estimate  the  amount  of  ehl&rides. 

10.  Microscope.— ExAinme  for  blood,  pus,  cystin,  oxalate  of  lime, 
leucin,  tyrosin,  tube  casts,  &&,  by  the  microscope. 

Analysis  of  the  FiECES. 

As  may  be  expected,  the  constitution  of  this  excretion  varies 
considerably  from  time  to  time.  There  are  always  present  frag- 
ments of  the  undigested  remnants  of  food,  fatty  matter,  fatty 
acids,  bile  pigment,  and  soluble  salts,  chiefly  alkaline  phos- 
phates, the  ammoniaco-magnesian  or  triple  phosphate,  with  traces 
of  sulphates  and  earthy  phosphates.  Undigested  fragments  are 
readily  separated  by  suspending  them  in  water  ;  fatty  matter 
may  be  taken  up  with  ether  and  alcoh<d  ;  and  the  ash  obtained 
by  incineration  will  yield  the  mineral  ingredients.  Dr  Maroet 
states*  that  healthy  human  faeces  contain  an  acid,  excretoUe  addy 
and  a  substance  called  exeretin,  both  of  which  are  soluble  in 
ether.  He  obtains  these  substances  by  making  an  alcoholic 
extract  of  faeces.  This  deposits,  after  long  standing,  an  **  oliye- 
coloured  "  acid,  excretolic  (icid.  The  alcoholic  solution  is  then 
treated  with  milk  of  lime  which  throws  down  e.vcretiny  with 
other  substances.  The  excretin  is  now  separated  from  these  by 
ether.  It  is  probable  that  theae  substances  may  not  be  fixed 
compounds.     (See  pp.  271-2.) 

///.  GENERAL  QUALITATIVE  EXAMINATION  OF 

AN  ANIMAL  SOLID. 

The  analysis  of  tissues  and  organs  is  attended  with  even 
greater  difficulty  than  in  the  case  of  animal  fluids.  It  is  im- 
portant, if  trustworthy  results  are  desired,  to  operate  upon  at 
least  12  or  15  lbs.  of  the  tissue.  The  following  is  the  mode  of 
procedure  to  be  adopted  : — ■f 

1.  Cut  the  tissue  into  small  fragments,  and  allow  it  to 
macerate  in  cold  water.  Filter.  Add  to  the  filtrate  a  con- 
centrated solution  of  barium  hydrate  to  throw  down  pkoi^ 
phateSy  sulphates,  uric  acid,  and  hypaxanthin. 

*  Marcct,  Phil.  Trmns.  1854,  p.  266  ;  and  1857,  408. 
t  Watt's  Dictionary  of  Chemistry,  vol.  i.  p.  252. 
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2.  Filter  again  and  evaporate  to  a  symp.  Daring  tiiii 
operation,  a  film  will  collect  on  the  surface,  consiBting  probftbly 
of  barium  carbonate  or  magnesium  pJiosphaU^  and  poesibly  of  me 
acid  and  hypoxanthin, 

3.  Allow  crystals  to  separate  out  of  the  syrup,  and  probably 
they  will  consist  of  creatin, 

4.  Extract  the  mother  liquid  with  alcohol  and  ether,  and 
thus  obtain  lactates  of  potash  and  soda,  inosite,  a^eatimn,  and 
leucin, 

5.  Make  a  fresh  extract  by  steeping  a  portion  of  the  tiaBoe  in 
cold  water.  Boil,  and  albuminous  matters  will  coagulate,  ^^ 
are  to  be  separated  by  filtration* 

6.  Evaporate  the  filtrate  to  a  syrup,  and  masses  having  a 
crystalline  appearance  may  separate  out.  These  consist  of  Uudn, 
Tyrosin  sometimes  appears  in  the  form  of  star-shaped  groups  d 
slender  needles,  which  are  insoluble  in  alcohol. 

7.  The  mother  liquids  from  the  last-mentioned  deposits  con* 
tain  volatile  acids^  lactic  acidSf  &c 

8.  Incinerate  a  known  weight  of  the  substance,  weigh  the  ash, 
dissolve  it  in  a  little  hydrochloric  acid,  and  test  the  solution  for 
inorganic  acids  and  bases. 

Thus  we  obtain  a  general  knowledge  of  the  chemical  coosti* 
tuents  of  the  tissue  under  examination.  Special  processes  are 
requisite  for  special  tissues. 

ir.  QUALITATIVE  ANALYSIS  OF  SPECIAL  ANIMAL 

SOLIDS. 

Under  this  head  we  shall  treat  of  the  analysis  of  muscle,  white 
fibrous  tissue,  yellow  elastic  tissue,  tooth,  cartilage,  bone,  the 
nervous  system,  and  lastly,  of  liver. 

Analysis  of  Muscle. 

1.  Reaction, — When  quiescent  muscle  is  tested  with  litmus 
paper,  it  is  found  to  be  neutral  or  slightly  alkaline,  but  if  the 
muscle  be  thrown  for  sometime  into  a  state  of  tetanus  by  an 
interrupted  current  of  electricity,  it  is  found  to  become  add* 
This  is  generally  supposed  to  be  due  to  the  formation  of  aaroo- 
lactic  acid. 

2.  Kiihn^s  method  of  obtaining  muscle-plasma, — Kill  two  frogii 
and  inject  into  the  blood  vessels  a  weak  solution  of  common 
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salt  (1  per  ceot.),  until  all  blood  is  removed.  Tben  cut  off  all 
tlie  muscle  of  the  limbit,  reduce  it  lo  fragiueuls,  auJ  Bubject  it 
to  powerful  preSBure.  A  liquid  is  thua  obtainetl,  termed  by 
Kiihue,  mtucie-jdaima,  which  booq  coagiikteH,  reBolving  itself 
into  a  clot,  colled  muscle  clot  or  myotin,  aud  a  fluid,  miade' 


niucle-teram. — If  tliia  fluid  be  obtained  in 
enfficient  quantity,  it  will  be  foiluil  to  contain  three  tuodiiictt- 
tio&«  of  albumin,  each  coaf^l&tin)^  at  a  different  temperature. 
When  B.  portion  of  muscle-serum  is  heated  to  30°  C.  a  coagula- 
tion takes  place  ;  increase  the  heat  to  A^"  C.  and  there  is  a 
further  coagulation  ;  continue  healiug  until  '!>'  C.  aud  aiiothor 
lai^  amount  of  albumin  will  fall  down.  Musde-serum  aUo 
contains  manj  excremeutitioue  sulMtances,  resnltiug  from  the 
retrograde  change  of  tlie  tissues  {Setondarg  Ihffrtlum,  p.  239), 
Huch  as  creatin,  creatiuin,  leucin,  tyrosin,  urea,  uric  acid,  &c 
These  are  tube  distiuguialied  aud  separated  by  the  special  pro- 
ceases  and  testa  already  fully  described, 

4  Examination  of  mutde-riot  or  myann  (p.  10), — Thia  will 
he  fouud  to  be  iusoluble  io  water,  ether,  or  alcohol,  but  it  is 
very  soluble  iu  dilutt>  acidu  or  dilute  alkalies,  and  especially  so 
in  a  leu  per  cent  solution  of  coninioti  salt.  If  the  common  salt 
solution  be  added  to  diatilled  water,  the  myosin  falls  as  a  flaky 

5.  SfHtonin{p,  10). — Diasoivo  a  portion  of  muscle-clot  in  a 
little  weak  hydrochloric  acid.  When  this  acid  solution  is  added 
to  water,  a  ttaky  precipitate  is  oblaiued,  which  is  insoluble  in  n 
tenpercent.  solution  of  common  salt.  Thtaiubetjuici',wliic]|  thus 
docs  not  exhibit  the  characteristic  reaction  of  myosin,  has  been 
termed  by  KiLhne  Synlonin.  He  holda  that  syntouin  does  not 
exist  aa  such  in  muscle,  but  is  an  artilidal  product  obtained  by 
the  action  of  dilate  acid  on  myosin.  Syntonin  may  be  prepared 
from  muscle  in  the  following  way  ; — Mince  a  piece  of  muscle 
aud  allow  it  to  nuieerat«  in  cold  water  until  the  water  does  not 
coagulate  on  boiling,  shewing  the  absence  of  albamin.  llie 
macerated  muscle  is  now  treated  with  t«n  times  its  bulk  of  weak 
hydrodJotic  acid  (-1  per  cent,)  and  left  to  stautl  for  24  houni 
Neutralise  with  carbonate  of  soda,  and  a  wliite  aud  gelatinous 
preeiiritnte  will  foil,  consisting  of  syntonin. 

6.  Inotite. — Tbc  muscular  subsbuice  of  the  heart  contains  a 
peculiar  saccharine  substance,  isomerio  with  glucose,  CaQuO^ 
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which  may  be  Beparated.  as  follows :— Macerate  the  heart  in 
water,  precipitate  the  phoapliat«B  with  bttryta-waler,  filter,  eva^ 
porAte  the  filtrate,  an  J  allow  creattn  to  separate  out.  Treat  the 
mother  liquid  with  dilute  sulphuric  add,  which  will  precipTtat« 
the  baryta.  Fil[«r  bo  aa  to  remove  the  sulphate  of  barium. 
Shake  up  the  liquid  with  ether  so  long  aa  anything  is  dissolToL 
Sep.imte  the  ether  by  skimmtng,  aud  mix  with  alcohol  until  a 
prepipitate  appears.  Thia  precipitate  is  sulphate  of  potash, 
which  ia  now  separated  by  carefully  pouring  ofF  tlie  supernatant 
fluid.  Mix  this  latter  with  more  alcohol,  aud  soon  small  oblique 
or  tabular  priama  of  inosite  will  separate  (p.  27). 

Sckera'i  tat  for  inosite.*— The  following  ia  a  test  for  1^ 
presence  of  iDOaite.      To  an  aqueous  solution,  evaporattid  neai^ 
to  dryness,  add  a  drop  or  two  of  nitric  acid,  moisten  the  : 
with  a  few   drops  of  ammonia   aud   calcium  chloride, 
evaporate,  and  a  roM-colonred  substauce  remains. 

hidnerarion — Incinerate  a  given  weight  of  muscle,  and 
the  nsh.    Dissolve  this  in  hydrochloric  acid,  aud  test  for  «BltB  il 
the  ordinary  way.+ 

AsALTSis  OF  White  Fibrocs  Tissl-e. 

1.  Basis  <if  ahitt  Jtbroia  tiarut,  gdaliit. — This  tissue  shrinka 
much  on  beiug  dried.  When  allowed  to  macerate  in  water, 
or  when  boiled  in  water,  a  gelatinous  mass  is  obtained,  cODsist- 
iug  of  gelatiu  (p.  10).  The  jelly  dissolves  in  hot  water,  and 
from  the  solution,  alcohol  precipitates  a  white  clotted  mas. 

2.  Incineration, — White  fibrous  tissue  contains  a  very  small 
amount  of  inorganic  matter,  which  can  be  obtained  by 
cineration. 

Abaltsib  of  Yeluiw  Elastic  Tissub. 

1,  BaiU  of  ydloa  dattic  tittut,  tltutin. — Boil  a  piece  of  dM 
liijamentum  nvcha  of  an  ox  with  alcohol,  then  with  water  cod- 
laining  ten  per  cent,  of  strong  hydrochloric  acid  ;  allow  it  tc 
cool,  and  a  yellowish,  fibrous,  and  brittle  maffl  ia  obtained, 
termed  elastin.  This  substance  is  insoluble  in  water,  alcohol, 
ether,  and  acetic  acid.    It  is  dissolved  by  stroug  c«us|jc  potadiwi 

2.  Incineration. — There  are  more  iuorganicsubatanoeapreasal. 
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in  elastic  tissue  than  in  white  fibrous  tissue.    The  amount  of 
these  may  be  determined  by  incineration. 

Analysis  of  Tooth. 

1.  Separation  of  organic  hatis, — By  allowing  fragments  of 
teeth  to  macerate  for  three  or  four  weeks  in  dilute  hydrochloric 
acid  (1  to  19  of  water),  a  soft  substance  remains,  which  is  pro- 
bably gelatin.  This  constitutes  the  organic  basis  of  teeth,  and 
is  present  in  larger  quantity  in  dentine  than  in  enamel. 

2.  Incineration, — By  incinerating  teeth,  the  organic  matter  is 
burnt  off,  and  the  ash  will  be  found  to  consist  chiefly  of  calcium 
phosphate,  along  with  a  much  smaller  quantity  of  calcium 
carbonate.  Phosphate  of  magnesia,  and  a  very  minute  trace  of 
calcium  fluoride,  are  also  present.  For  examples  of  analyses  of 
teeth,  see  p.  87. 

Analysis  of  Cartilage  and  Bone. 

1.  Water  in  cartilage, — Weigh  a  piece  of  cartilage,  allow  it 
to  dry  in  a  hot-air  chamber,  and  it  will  be  found  to  have  lost 
half  its  original  weight  This  is  owing  to  the  fact  that  cartilage 
consists  largely  of  water. 

2.  Preparation  of  ckondrin  (p.  11). — Boil  a  few  of  the 
cartilages  of  the  ribs  or  joints  with  water  for  48  hours,  evaporate 
to  a  jelly,  and  wash  the  jelly  with  ether  to  free  it  from  fat. 
The  jelly  is  chondrin.  The  various  reactions  of  chondrin  may 
now  be  demonstrated.  It  is  soluble  in  boiling  water,  but 
insoluble  in  alcohol  or  ether.  When  any  of  the  mineral  acids 
are  added  to  an  aqueous  solution,  a  precipitate  is  formed,  which 
is  redissolved  in  excess ;  but  the  precipitate  formed  by  carbonic, 
sulphurous,  acetic,  or  tartaric  acids,  is  not  redissolved  in  excess. 
It  should  also  be  compared  with  gelatin,  as  follows  : — 


Reagent. 

Alum. 

Acetate  of  lead. 
Sulphate  of  iron. 
Mercuric  chloride. 


Chondrin. 

Precipitate. 
Precipitate. 
Precipitate. 


QeUitin. 

No  precipitate. 
No  precipitate. 
No  precipitate. 
Precipitate. 


No  precipitate. 

3.  Bone,  Organic  basis  of  bone,  ossein, — Allow  fragments  of 
bone  to  macerate  for  some  time  in  dilute  hydrochloric  acid  (I 
to  19  of  water).  The  calcium  salts  are  dissolved,  and  a  soft 
translucent  mass  remains,  termed  bone-cartilage  or  oaan* 
This  substance  resembles  gelatin,  but  it  differs  from  it  in  being 
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insoluble  in  boiling  water.    By  prolonged  boiling,  howetrer, 
ossein  is  converted  into  gelatin. 

4.  Inorganic  salts  of  bo7ie. — The  acid  solution  of  boue  aalta 
may  now  be  evaporated,  and  the  examination  of  these  inorganic 
salts  conducted  in  the  usual  method. 

5.  IncinercUion. — First  reduce  the  bone  to  fine  powder,  waah 
with  water  to  remove  soluble  salts,  and  with  ether  to  remofv 
fat.  The  powder  is  now  incinerated  (best  of  all  in  a  mufk) 
till  it  becomes  white.  A  few  drops  of  solution  of  carbonale  of 
ammonia  are  now  added  to  it  to  make  up  for  the  loss  of  any 
carbonic  acid  driven  off  from  the  carbonate  of  lime  present  in 
bone,  and  it  is  again  incinerated.  The  difference  between  the 
weights  before  and  after  ignition  gives  the  amount  of  ossein. 
The  ash  is  now  to  be  analysed  iu  the  ordinary  way. 

The  results  of  numerous  analyses  of  cartilage  and  bone  will 
be  found  at  pp.  90,  92,  93* 

Analysis  of  the  Nervous  Ststbm. 

The  chemical  composition  of  nervous  tissue  is  stOl  Tevy  ini'* 
perfectly  understood,  and  no  definite  mode  of  chemical  analysis 
can  be  recommended. 

1.  Waier  and  fat, — The  amount  of  water  may  be  aaoertained 
by  drying  a  certain  definite  weight,  and  will  be  represented 
by  the  loss  in  weight.  The  white  matter  of  the  nervous  centres 
contains  less  water  than  the  grey  matter  ;  while  the  white,  oo 
the  other  hand,  contains  more  fat  than  the  grey  matter.  The 
amount  of  fat  may  be  determined  by  acting  upon  nervous  sub- 
stances with  ether. 

Various  physiological  chemists  have  detected  in  nervoai 
matter  the  following  substances  :  leucin,  uric  acid,  TMithin^ 
inosite,  creatin,  creatiniu,  formic,  and  acetic  acids. 

2.  Cerebric  acid, — This  is  a  fatty  acid  supposed  to  exist  in  the 
brain.  Cut  brain  substance  into  thin  slices,  act  upon  it  with 
boiling  alcohol  to  remove  water,  press  it,  digest  with  cold,  then 
with  warm  ether,  distil  off  the  ether,  and  digest  with  muck 
more  ether.  We  have  now  cerebrate  of  soda  mixed  with  phos- 
phate of  lime,  &c.  Digest  it  in  boiling  absolute  alcohol  aicidii- 
lated  with  sulphuric  acid.  We  thus  obtain  an  alcoholic  atdutioB 
of  cerebric  acid.    When  this  is  eva{)orated,  the  acid  is  deposited 

*  For  MuUyHGii  of  bonos  of  different  animals,  tee  artlela  *'  Bone"  la  WsM 
Dictionary  of  Chomintry,  vol.  i.  {lage  019. 
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as  a  white  crystBlline  BnbsUnce,  It  is  doubtful  if  this  add  be 
a.  constant  iiigredieut,  and  prubafaly  it  is  s  substance  produced 
urtificdAlly  during  the  chemical  process.  Other  substances  hove 
been  found  in  br^n,  termed  cerebriu,  cerebrol.  and  uorebrote ; 
but  it  is  probnble  the;  are  one  and  the  «tme  substonco. 

3.  Protagon. — This  is  the  name  of  a  substance  supposed  to 
exist  in  brain.  According  to  Liebreich,  it  is  the  principal  con- 
stituent of  nervous  tissue,  (a.)  Iteiluce  brain  substance  t«  a 
pulp,  and  act  upon  this  with  water  and  ether  at  U°  C-  From 
the  remaining  substiuice  extract  the  protagon  by  S5  per  cent, 
alcohol  at  4S°.  Cool  the  alcoholic  solution  to  0°  C,  and  a  pte- 
cipitjite  is  furmeU  which,  oa  being  examined  niicrOBcopically,  is 
found  to  connst  of  bundles  of  crystals. 

(6.)  Tliis  Bubstancfi  may  also  be  prepared  in  a  somewhat  dif- 
ferent form  from  yoke  of  egg.  Btiat  up  vety  thorouglily  the 
yoke  of  an  egg  in  2  ounces  of  absolute  alcohol,  Boil  carefully 
and  filter  while  hot.  Allow  the  filtrate  to  drop  upon  a  flat  and 
cold  porcehliu  pkite,  when  a  yellowish  noD-crystalliue  deposit 
will  be  found,  consisting  of  protogim.  Tlie  remarkable  reactions 
of  this  substance  are  described  at  iMge  40. 

4.  Oleo-photjikorkaciii. — This  is  i*  tatty  acid  funnd  in  the  brain; 
it  may  be  prepared  as  follows  : — Beat  up  brain  sulwtance  to  a 
thin  pulp  with  water,  heat  the  mixture  to  the  boiling  point,  and 
act  on  the  coagiilum  fonned  with  boiling  alcohol.  This  extrsct 
is  tillered  white  hot,  and  deposits  cholestrin,  cerebrin,  and  oleo- 
phusphoric  add,  united  with  alksliee.  Act  upon  this  with  cold 
ether,  which  takes  tip  oleo-phosphate  of  soda.  Evaporate  the 
ethereal  solution,  decompoae  the  oleo- phosphate  by  a  few  drops 
of  dilute  bydrochlonc  acid,  dissolva  the  resiiluo  in  boiling 
alcohol,  and  the  oleo-phosphoric  add  is  dc|iasit«d  when  it 
cuoIh.  It  is  a  gummy  or  fatty  yellowish  substance,  oanly  d«- 
componed  into  pboephoric  acid,  and  one  of  tlie  higher  fatty  acids. 

AjfALTBIB  or  THK  LlYKB. 

It  is  well  known  that  the  liver  contains  a  subsbuice  termed 
gtyeogen,  isomeric  with  starch,  C,HidO,  (p.  25).  It  mny  bu  pre- 
pared from  the  liver,  as  follows  :  Benutnf*  method. — Cut  a  pieoB 
of  liver  into  small  portious,  boil  it  for  lui  hour  in  water,  and 
allow  the  hot  decoction  to  filter  into  gUdal  acetic  acid.  Nearly 
pure  glycogen  is  thrown  down,  the  albuminous  substances 
remiuniog  b  solution.    It  is  predpiUited  from  its  aqueous 
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solution  fay  animal  chnrcoid,  rdiI  is  uaaally  quite  insoluble  % 
nlcoho].  It  is  important  to  obeervc  that  dilute  miueral  autiil 
diastase,  and  tlie  peculi&r  uitrogeuous  feriueuts  found  i 
blood,  saliva,  liver,  and  pane reas,  readily  convert  glycogen  tntQ 
diafactie  Biignr,  CVHuO,.  It  is  probable  a  change  of  this  kind 
occurs  witb  great  rapidity  ou  death,  for  we  have  found  that  a 
decoction  of  a  liver  removed  from  a  rabbit  or  mouse  jufit  killed, 
always  gives  a  characleristic  reaction  with  any  of  the  tests  for 
sugar.  If,  however,  a  portion  of  the  same  liver  be  kept  for 
seveTal  boors,  and  a  decoction  then  made,  a  much  more  decided 
reaction  will  be  obtained.    (See  p.  251.) 

In  conclusion,  it  may  safely  be  asserted  that  chemical  pb] 
Biology  is  still  in  its  infancy.  It  is  a  difficult  field  of  labe 
both  from  the  complex  constitution,  ae  well  as  from  tlie  im 
bility  of  many  of  the  eul»tance3  to  be  examined.  Nor  must  V 
forget  that  tbe  chemist  can  analyse  only  dead  tissues  and  fluij 
not  living  tissues,  and  many  of  the  subslancea  which  i 
taiued  by  chemical  processes  in  the  htbonitory  do  not  exist  ij 
such  in  the  living  body. 
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This  subject  can  only  be  prosecuted  with  the  aid  of  ai 
matic  microscofre,  the  construction  and  mode  of  employment  oj 
which  instrument  must  be  firat  understood. 

ElSTOKT   OF    THE    MICROSCOPE. 

A  microaoope  (from  p>{ir,  sroal],  and  fwri",  to  »ee)  may  \ 
defined,  an  instiiimeut  which  is  cajiahle  of  making  small  objec 
appear  larger  thnn  they  do  to  tbe  naked  eye.  In  this  t, 
applies  to  any  instrument,  of  whatever  contrivance;  capable! 
ful&lling  tliis  condiliou  ;  and  ifweaccept  this  definition,  varioa 
reasons  have  been  adduced  to  shew  tliat  the  mienwcope  i 
known  to  the  ancients,  Spectacles,  it  is  said,  were  in  n 
the  Greeks  and  Bomans  ;  and  as  the  glasses  of  these  « 
of  different  convexities,  and,  consequently,  of  different  magnify- 
ing powers,  it  is  natural  to  Biipjjose  that  they  must  have  bMB 
acquainted  with  the  property  possessed  by  the  lens,  of  enlai  " 
small  objects.    Various  passages  also  occur  in  the  works  | 
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Jniublichus,  Pliny,  Pliitarcb,  SeoeM,  and  others,  which  le»d  to 
A  MimilaT  coiiduBion.  Hiub,  Seueca  oWrves  :  "  Iiettcrs,  though 
tiiiuute  and  obscure,  appear  laigit  ODd  clearer  through  a  glass 
bubble  filled  with  water."  Now,  this  glHi»  bubble  fillud  with 
water  is  sold  by  pedkrs  tmA  otber«  to  the  vulgnr  at  the  preaeut 
time,  ill  order  to  niKgDify  objecta. 

The  fomptnmd  niicroecope  appesua  to  have  been  coBBtruvletl 
in  the  early  part  of  the  aerenteenth  century,  lloth  Holland 
aud  Italy  have  claimed  the  honour  of  procluciug  its  iiiventor. 
William  Borelli  iiltribut«s  its  coDstniclion  to  oue  ZacfaorinB 
JauHeii  of  Middleburgh  in  the  Low  CouutrJea,  who,  with  bis 
sou  3(Ara,  acc«rdiiig  to  tins  author,  luode  Ilia  Sret  compouud 
microscope  so  early  as  1390.  It  ia  stated  that  either  he  or  hii> 
sou  presenteil  one  of  his  inslnuneiita  to-  the  Archduke  Charles 
of  Austria,  who,  in  turn,  gave  it  to  ComeliuH  Drebbel,  a  Dutch 
nicheniist,  who  8ubaer[ueutly  became  astronomer  to  James  I.  of 
Buglnnd.  He  it  waa  who  lint  brought  the  iiiBtrunieut  to  Lon- 
don in  1619,  where  it  was  aeen  by  William  Borelli  and  other 
BvientiGc  individuals.  It  in  well  known  that  Drelibel  made 
niicroicopes  in  London  in  1621,  aniJ  generally  passed  for  their 
iDvcutor. 

On  the  other  hand,  Francis  Fontana,  a  Kenpolitan,  states, 
tlial  lie  invented  the  instrument  in  1618,  and  gave  a  description 
of  it  in  his  "  Novo;  terrestrium  et  celestiuui  observationee." 
It  would  appear,  however,  that  although  Drvbl>el  and  Foulana 
disputed  concerning  the  origin  of  this  iiislrumeut,  the  honour 
of  inventing  it,  so  far  as  oar  preaent  knowledge  extends,  belongs 

The  microscope  bmiighl  by  Drebbel  to  London  is  thus 
described  by  Adams,  who  observen :  "  It  is  powible  tliat  this 
instrument  of  Drebbel's  w.-ks  not  strictly  what  is  now  itieMit  by 
»  mienwcope,  but  was  rather  a  kind  of  micmBCopic  telescope, 
LMBPtlung  similar  in  principle  to  tliat  lat«ly  described  by  Mr 
~" "  'a  letter  to  tlui  Aoademy  of  Sciencw  at  Pelcraburgh. 
■  formed  of  a  copper  tube,  six  feet  long,  and  oue  inch  iii 
■  dbmeter,  supported  by  three  brass  pillan  in  the  shape  of  dol- 
phiua.  Tlieee  were  fixed  to  a  base  of  ebony,  on  which  the 
objects  to  be  viewed  by  the  micrc«ope  were  also  placed."* 

"Die  improvement  of  the  microscope  luade  mucb  leas  npid 
progress  than  that  of  the  teleKO|i«.     The  great  utility  of  the 
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latter,  indeed,  appears  to  Lave  been  early  appreciated,  while  the 
microscope  was  for  a  long  time  only  regarded  as  a  means  of 
satisfying  curiosity.  Thus  it  was  merely  looked  upon  aa  aa 
expensive  toy,  and  kept  by  the  rich  in  their  cabinets  as  a  aonzoe 
of  amusement  At  a  later  period,  however,  it  was  found  aii»- 
ceptible  of  adding  much  to  our  knowledge  of  the  nataial 
sciences  ;  and  no  sooner  was  this  perceived,  than  the  most  cele- 
brated artists,  mechanics,  geometricians,  and  natural  philoso- 
phers paid  great  attention  to  its  improvement.  For  a  long  time, 
however,  they  were  baffled  by  the  difficulties  of  the  undertakiug, 
aud  during  this  period  naturalists,  for  the  most  part,  employed 
the  simple  microscope.  Thus,  some  of  the  moat  important 
discoveries  in  science  have  been  made  by  means  of  a  single 
biconvex  lens,  and  the  laborious  and  brilliant  researches  of 
Leuwenhoeck,  Swanmierdam,  Lyonet,  Ellis,  and  others  were 
thus  accomplished. 

The  inconveniences  of  the  simple  microscope,  however,  are  ooo- 
siderable.  Thus,  when  capable  of  magnifying  largely,  the  &eld 
of  vision  is  very  limited,  and  there  is  great  difficulty  in  ad- 
justing the  focus.  Leuwenhoeck  had  a  separate  lens  espedallr 
adapted  to  one  or  two  objects,  and  always  had  several  hnndradi 
at  his  disposal. 

The  imperfections  of  the  compound  microscope,  on  the  other 
hand,  were  at  that  time  very  great,  and  must  have  appeared 
insurmountable.  Thus,  from  its  peculiar  construction,  the  rajs 
of  light  were  readily  decomposed,  and  circles  of  different 
colours  surrounded  or  tinged  the  object,  constituting  the  aber- 
ration of  refrangibility.  The  form  of  the  object  was  also  dia- 
torted  on  account  of  the  aberration  of  sphericity.  Opaqne 
objects  could  not  be  seen  from  the  absence  of  light,  and  veiy 
transparent  ones  could  not  l)e  examined  from  its  excess. 

But  gradually  all  these  dilfei-ent  obstacles  were  overoome  by 
patience  and  labour.  The  details  connected  with  these,  how- 
ever, we  cannot  enter  into.  Suffice  it  to  say,  that  to  LieberkUhn 
we  are  indebted  for  the  means  of  examining  opaque  objeets  by 
means  of  a  reflector ;  to  the  diaphragm  of  Le  Baillif,  for  a 
convenient  mode  of  modifying  an  excess  of  light.  Achromatic 
instruments  were  constructed  principally  through  the  inge&nity 
and  labours  of  Euler,  Dolland,  Frauenhofer,  Selligua,  Amid, 
Tulley,  and  Vincent,  and  Charles  Chevalier,  and  may  be 
to  have  been  perfected  only  during  the  last  thirty 
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The  object  of  the  optician  at  present  engaged  in  manufactur- 
iDg  this  iDstrument  is  to  construct  a  microscope  which  will 
admit  of  an  easy  and  universal  application,  and  possess  the 
power  of  magnifying  largely,  combined  with  clearness  and 
distinctness  of  the  image.  The  instruments  now  constructed 
by  Ploesel  in  Vienna,  Frauenhofer  in  Munich,  Schick  of  Berlin, 
Ilartnach  and  Nachet  in  Paris,  and  Powell,  Boss,  and  Smith 
in  London,  if  they  have  not  reached  perfection,  certainly 
approach  very  near  it,  and  permit  the  most  minute  details  of 
structure  to  be  examined  with  ease,  even  when  magnified 
largely.* 

Optical  Principles  on  which  the  Microscope  is 

constructed. 

The  optical  principle  on  which  every  microscope  is  constructed 
is,  that  rays  of  light  passing  through  a  lens  are  more  or  less 
refracted,  that  is,  are  bent  out  of  the  straight  line.  This  has 
already  been  fully  explained  at  page  135. 

Theory  of  enlargement, — The  theory  of  a  simple  bi-convex  lens 
will  be  understood  by  referring  to  Plate  XXI.  fig.  3.  Here  we 
have  a  convex  lens  interposed  between  the  eye  and  a  small 
object  ah.  If  a  6  be  very  close  to  the  eye,  the  rays  passing  from 
it  would  diverge  so  far  that  the  optical  arrangements  of  the  eye 
itself  would  fail  to  bring  them  to  a  focus  on  the  retina,  because 
the  eye  is  adapted  to  receive  and  bring  to  a  focus  rays  which  are 
parallel  or  but  slightly  divergent.  But  when  the  lens  xy  is 
placed  between  the  eye  and  the  object,  the  rays  a  x^  by,  are 
80  refracted  by  the  lens  as  to  come  to  a  focus  on  the  retina. 
Thus  a  well-defined  picture  or  image  is  formed.  But  the  rayg 
now  enter  the  eye  at  a  greatly  increased  angle,  and,  conse- 
quently, the  small  object  a  b  appears  increased  in  size  to  a'  6'. 
It  will  be  evident  also,  that  if  the  lens  xy  were  more  convex 
the  etTect  would  be  further  increased,  as  the  refraction  would  be 
greater,  and  the  object  a  b  would  be  seen  still  larger  than  a'  6'. 

•  To  no  one  is  science  more  deeply  indebted  than  to  the  late  Mr  Oberh»iiier 
of  Paris.  lie  it  was  who  first  made  grood  microscopes  cAeap,  and  brought  them 
within  the  reach  of  the  poorest  scientific  cultivator.  Thousands  of  his  instnimenti 
have  been  scattered  over  the  world,  and  by  their  aid  most  of  the  facts  on  which 
the  science  of  histoloi^  is  founded  were  discoTered.  His  nephew,  M.  Hartnach, 
continues  his  system  with  the  like  success. 

9 


500  PRACTICAL  HISTOLOGICAL  PHYSIOLOGW 

A  simple  lens  is  temicd  a  nmple  microscope.  The  same  theorv 
applies  to  increased  convexity  of  the  lenses  in  the  eve-picee. 
only  it  is  tlie  image  which  is  transmitted  by  the  objectire  (d. 
507)  that  is  then  magnitied.  It  follows  that  any  iniperfectidD 
it  possesses  will  be  magnified  also,  so  that  the  exoellence  d 
the  objective  is  always  the  chief  consideration  in  obtaiiuig 
magnifying  power.  A  third  method  of  obtaining  eDbuje- 
ment  is  by  elongation  of  the  tube,  whichy  by  causing  gnue 
divergence  of  the  rays,  also  increases  the  apparent  sixe  of  ibe 
object. 

Faults  of  fimple  lenses  and  their  corrections, Every  simplf 

lens  has  two  faults  or  optical  im{>erfcctious — Ist,  that  of  spheri- 
cal aberration,  and  Sod,  that  of  chromatic  aberration.  Tie 
modes  of  i-emedying  these  faults  cannot  be  understood  witbnt 
an  acquaintance  with  their  causes. 

Spherical  aberration,  (See  p.  137.) — 'By  referring  to  PUi* 
XXI.  fig.  4,  it  will  be  seen  that  all  the  rays  of  light  pari"; 
through  a  convex  lens  do  not  come  to  the  same  focus  in  cooie- 
quence  of  the  refraction  being  necessarily  greater  at  the  ciivom- 
f eronce  than  towards  the  centre.  Thus  the  rays  a  and  c  as  diev 
impinge  upon  the  glass  at  a  greater  angle,  come  to  a  focus  at  i. 
while  the  rays  b,  which  are  nearer  the  centre,  come  to  a  focv 
at  B.  This  is  owing  to  the  unequal  refraction  of  the  rav«,  the 
rays  a  and  ft,  i)a8sing  through  the  margin  of  the  leus'beiii£ 
more  refract<?d  than  those  of  b  passing  throug^h  its  Cfutre.  C<«- 
8e<iueutly,  an  image  formed  on  the  retina  either  at  A  or  B  wouU 
not  only  ha  indistinct  and  imperfect,  but  curved  accordimr  t' 
the  convexity  of  the  lens.  There  are  various  methods  adopted 
for  correcting  8j)herical  aberration. 

1.  By  using  a  <louble  convex  lens  the  ratlii  of  which  are  u  I 
to  G,  with  its  most  convex  face  turned  towards  the  object. 

2.  By  using  a  stop  in  the  eye- piece,  which  is  a  plate  wiih« 
round  .aperture  interposed  WtA^een  the  lens  and  theere.Fic. 
1,  c),  so  as  to  cut  off  the  raya  a  c  (Fig.  4),  and  receive  only  th«r 
coming  from  b.  Such  an  arrangement  is  used  in  all  compuund 
microscojxjs. 

3.  By  using  combinations  of  lenses,  so  disposed  that  tJ* 
al)crration  of  tlie  one  will  comnit  the  aberration  of  the  othrf- 
Thus  the  aljerratiun  of  one  i)lano-c()nc;ive  lens  mav  be  maik  Ut 
correct  that  of  another,  so  tliat  all  the  rays  will  be  brought  to 
one  focus,  as  in  the  eye-piece  of  iluygheus.     This  anmninmcBi 
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will  be  described  after  we  have  considered  the  other  imperfec- 
tion of  simple  lenses,  namely  : 

Chromatic  aberration, — When  an  object  is  examined  by  a 
simple  lens  it  will  be  found  surrounded  by  rings  of  colour — red, 
orange,  yellow,  and  so  on.  This  appearance  arises  from  the  fact 
that  the  lens  acts  as  a  prism  (see  p.  140),  and  decomposes  or 
disperses  the  ray  of  white  light  into  its  constituent  coloured 
rays— red,  orange,  yellow,  green,  blue,  purple,  and  violet.  The 
most  refrangible  of  these  rays  are  the  violet,  the  least  the  red, 
while  those  between  these  two  colours  possess  different  degrees 
of  ref rangibility.  On  referring  to  Plate  XXI.  fig  2,  it  will  be 
seen  that  the  rays  of  white  light  a  x  and  c  y  are  decomposed 
into  the  violet  coloured  rays  x  A  and  y  A,  and  into  the  red  rays 
X  T  and  y  T,  the  intermediate  coloured  rays,  purple,  blue,  green, 
yellow,  and  orange  not  being  represented  in  the  diagram.  In 
consequence  of  the  great  refrangibility  of  the  violet  rays,  they 
are  brought  to  a  focus  at  A,  while  the  least  refrangible  rays,  the 
red,  meet  at  T,  a  point  farther  from  the  lens  than  A.  If  the 
retina  were  situated  at  A,  a  coloured  image  would  be  seen,  the 
centre  violet,  then  purple,  blue,  green,  yellow,  and  orange,  while 
the  margin  would  be  red.  On  the  other  hand,  if  the  retina  were 
at  T,  a  coloured  image  having  the  centre  red  and  the  margin 
violet  would  be  the  result.  These  fringes  of  colour  seriously 
interfere  with  a  correct  interpretation  of  microscopic  appear- 
ances, and  must  b^  got  rid  of.    This  is  effected 

1.  By  the  compound  a<fomatic  lens. — This  consists  essentially 
of  a  bi-couvex  lens  of  crown  glass  and  a  plano-concave  lens  of 
flint  glass  carefully  adjusted  and  cemented ,  together,  as  seen  in 
PL  XXI.  fig.  1,6,/,  g,  and  figs.  5,  a,  and  6.  The  principle  is,  that 
as  the  dispersive  power  of  the  flint  glass  is  so  much  greater  than 
that  of  the  crown  glass,  the  one  exactly  corrects  the  other,  and  we 
thus  have  dispersion  destroyed  without  destroying  the  refraction. 
When  this  is  accomplished,  we  have  achromatism^  or  the  refrac- 
tion of  light  without  decomposition.  At  the  same  time,  the 
refractive  power  of  the  two  kinds  of  glass  being  also  so  different 
as  exactly  to  neutralise  each  other's  defects,  we  remove  spherical 
aberration  by  this  arrangement  of  lenses,  and  we  thus  obtain  a 
distinct  image  on  the  retina  by  all  the  rays  being  brought  to  a 
focus  without  dispersion.  It  has  been  found  best  to  use  a  com- 
bination of  three  such  double  lenses.  Fig.  1,0,/,  ^,  and  Fig.  5,  a. 
In  Ilartnach's  and  Nachet's  microscopes,  each  pair  of  these  are 
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fitted  into  small  rings  of  brass  which  are  screwed  the  one  before 
the  other.  In  the  objectives  of  the  London  makeniy  a  section 
of  one  of  which  is  shewn  (Plate  XXI.  fig.  6),  the  front  pair  cm 
be  approximated  to  the  other  two  pairs,  or  the  distance  between 
increased  so  as  to  adjust  the  lenses  for  examinin^r  objects  with 
or  without  a  covering  glass. 

Object  glasses  having  this  adjustment,  are  constructed  is 
follows  (Plate  XXI.  fig.  6).  The  two  higher  achromatic  lenses 
are  fixed  in  the  end  of  the  tube  B  ;  upon  this  slides  a  cylinder 
AA,  carrying  at  the  lower  end  a  third  lens,  whicb,  by  turning 
the  screwed  ring  CC,  may  be  approximated  to,  or  separated  from, 
the  other  two  lenses.  These  lenses  can  thus  be  so  adjusted  that 
the  positive  aberration  of  the  anterior  lens  corrects  the  negative 
aberration  of  the  two  posterior,  and  also  the  aberration  produced 
by  even  a  thin  covering  glass  when  one  is  used.  This  improve- 
ment we  owe  to  Mr  Boas,  the  eminent  optician  of  Liondon. 

2.  The  eye-piece  of  IIuygheiM, — It  consists  (PI.  XXI.  ^^.  1, 
c  c,b  d)  of  two  plano-convex  lenses,  b  d,  with  their  plane  side* 
towards  the  eye.  These  are  placed,  with  regard  to  each  other, 
at  a  distance  equ.al  to  half  the  sum  of  their  focal  len^hs.  Hm 
upper  one,  b,  is  termed  the  eye-f/Iass,  the  lower,  rf,  the /ieldaleui, 
A  stop  or  diaphragm  is  placed  at  c  c  in  the  visual  focus  of  the 
eye-glass,  which  is  the  same  position  as  that  where  the  imace 
])roduced  by  the  field-glass  d  is  formed.  Huyghens  made  this 
arrangement  of  lenses  to  correct  spherical  aberration  merely ; 
but  Boscovitch  shewed  that  it  also  corrected  chromatic  aberia- 
tion.  This  correction  is  now  completely  attained  in  all  good 
Huygheniau  eye-pieces.  The  rays  of  light  passing  into  the  eye- 
piece by  the  margin  of  the  convex  sui-face  of  the  field-glass  </, 
are  decomi>osed  so  as  to  form  two  coloured  images  near  the 
position  of  the  eye-glass,  the  u])])er  one  blue  and  the  lower  rvd. 
The  eye-glass,  in  its  turn,  would  then  magnify  these  so  as  tu  pn>- 
duce  two  secondary-coloured  images  near  y  jr.  These  ci>loured 
images  are  combined  so  as  to  form  a  colourless  image  y  x  :  Ist, 
by  using  a  stop  c  c,  which  intercepts  the  rays  passing  through 
the  margin  of  the  lens ;  and  2d,  by  having  the  eye-ghiss  sligbtlv 
over  corrected  for  chromatic  aberration,  so  that  its  frx:us  would 
be  shorter  for  blue  rays  than  for  red  rays  by  just  the  difference 
in  the  place  of  the  images  formed  at  y  jr.  Thus  the  ravf 
enter  the  eye  through  the  eye-glass  in  a  |)arallel  direction  and 
])roduce  a  picture  free  from  colour. 
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Arrangement  of  lenses, — A  section  of  a  compound  microscope 
is  seen  in  Plate  XXI.  fig.  1.  At  the  lower  end  of  the  tube 
there  are  one  or  more  combinations  of  achromatic  lenses, 
termed  the  objective,  e,  /,  ff,  and  at  the  other  the  eye-piece, 
c  c,  b  d.  An  inverted  image  of  x  y,  a  small  object  placed 
under  the  objective,  is  made  and  inverted  in  the  tube  of 
the  microscope  in  front  of  d,  the  field-glass ;  this  image  is 
marrnified  and  again  inverted  by  cf,  so  as  to  form  an  image  beneath 
by  the  eye-glass,  which  last  image  is  a  third  time  inverted  by  the 
eye-glass  6,  which  also  directs  the  rays  of  light  into  the  eye  a, 
so  as  to  form  a  distinct  image  on  the  retina.  Thus  the  image  on 
the  retina  is  reversed  as  regards  the  object,  a  fact  to  be  remem- 
bered in  making  microscopical  observations. 

Modes  of  increasing  magnifying  power, — ^This  may  be  done  in 
one  or  more  of  three  ways  :  1st,  by  increasing  the  length  of  the 
tube  ;  2d,  by  increasing  the  power  of  the  eye-piece  ;  and  3d,  by 
using  a  higher  objective.  The  objection  common  to  all  of  these 
arrangements  is,  that  while  we  increase  the  power  we  lose  light. 
In  the  first  instance  we  lose  light  by  distributing  it  over  a 
great^'r  length  of  tube  ;  in  the  second,  we  find  that  while  we 
gain  in  power  we  lose  brightness  and  definition,  because  any 
faults  of  the  lens  are  of  course  intensified  by  the  eye-piece.  By 
using  higher  objectives,  if  they  are  good  we  obtain  clearness  of 
definition,  with  a  sacrifice  of  light  by  dispersion  of  the  rays. 
This,  however,  can  be  diminished  by  illumination,  so  construct- 
ing the  lenses  as  to  permit  the  passage  of  a  large  amount  of 
light.  Such  a  lens  is  said  to  have  a  large  angle  of  aperture. 
(See  Fig.  5<»,  where  ab  c\&  the  angle  of  aperture.) 

All  three  mo<le8  of  enlargement,  viz.,  by  the  objective,  by  the 
eye-piece,  and  by  elongation  of  the  tube,  are  taken  advantage 
of  in  the  best  instruments,  and  are  useful  within  certain  limits, 
as  in  the  model  I  recommend,  now  manufactured  by  Hartnach. 

Construction  of  the  Microscope. 

A  microscope  may  be  divided  into  mechanical  and  optical 
parts. 

Mechanical  parts. — These  determine  its  general  form  and  ap- 
pearance. Of  the  numerous  models  which  have  been  invented, 
the  one  figured  (PI.  XXI.  fig.  8),  one-eighth  its  real  size,  appears 
to  me  the  most  useful  for  all  the  purposes  of  the  physiologist  and 
medical  practitioner.     It  was  suggested  by  me  to  the  late  Mr 
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(k}  Tfo  bod/  cnuMU  dl  • 
todM  ■■  kaglfc.  kU  br  » ipGt  tabe  («),  tkne  tKfaea  k«g. 
■i*ybB<lcTMwlMJdepwriwhtg«»lmrti«r«iwiUi»«iifc- 
•env  ■iimwiiit.  eoMM«iiiailc<l  to  it  br  ibe  haul,  vnA  tkk 
eoMCitntti  tlw«Mwe>dja«»eBt.  It  b  «luA>id  to  *  crew  b« 
sail  piOar,  at  the  fewer  portiatiaf  irlneli  bnt.  to;  ooavmientlf 
frfaeetl  for  tlie  hud  o<  tlie  otmerm,  b  the  fine  adfiiBUBeBt  (/>. 
Tbc  itfe  {</)  ■•  three  iiielwa  bnad,  tu»d  two  and  •  half  iadic* 
deep,  atrong  and  aolid,  with  a  dreular  diaphragin  below  it.  !%« 
faeigbt  enalile*  tW  obMrTer  to  rat  his  two  handa  edge-ways  mi 
each  Mfle,  noil  lo  tuuiipiilate  objecto  oo  ita  sniface  with  the 
lliuniba  auil  fure  fin^rere.  The  IxMe  of  the  tastmmeDt  is  heaviljr 
load«l  with  lead  to  give  it  the  nereaaa 

Thia  form  of  luivruiKOpe  pooiUMwen  all  the  mechanical  opt 
reqnircd  in  mch  an  insLrumeDt    These  are — lot,  i 
S(l,  {x>w»r  of  tsity  fldjuHtraent ;  3d,  facilit;  for  observation  m 
detuonntrnitioii  ;  utii  4th,  ffortability. 

1.  Httndiiiat. — It  mast  be  evident  that  if  the  stage  of  ( 
nilcfjampe  poi«ei«ie«  any  tenoible  vibration,  minute  objec 
when  magnified  bi((hly,  so  far  (rom  1>eing  sUtionarr,  maj  | 
thrown  altogether  out  of  the  Geld  of  view.  Nothing  o 
nori!  to  th«  comfort  of  an  obnerver  than  thia  quality  of  «  mia 
Mope,  and  great  pain*  have  been  taken  to  prodnt 
large  London  Instrnmenta  this  end  has  been  admirably  attaitU 
(Plate  XXI.  fig.  7),  but  at  so  much  cost  and  increase  of  bulk  as 
to  render  it  atmo«t  useleae.  In  the  small  model  I  have  recom- 
meudcd,  all  the  steadtueas  required  is  present  in  the  moat  con-- 
vonient  form. 

8.  FoKOT  of  may  adJHgtintnt. — It  Is  a  matter  of  great  it 
anw  to  tluMe  who  use  the  instrumcut  much,  and  work  with  | 
tor  hour*  together,  tbnt  the  adjustmenta  should  work  easily  »i 
rapidly,  and  b«  )ilaced  in  convenient  situations.  Nothing  a 
be  more  commiHlious  than  the  manner  in  whiuh  these  ends  a) 
arrived  at  In  the  model  fignred.  By  insertion  of  the  body  t 
tliu  iuatruueut  (A)  within  a  split  tul)ti  (c),  you  may,  by  a  spin 
movement,  clevnto  and  depreaa  it  with  the  greatest  rapidift 
and  even  remove  it  altogether  if  necessary.  The  neoeaajtya 
continually  turning  the  large  screws  olfixed  to  most  micro 
(Fig.  7, 1>),  becomes  fatiguing  in  the  extreme.  Then  Ihe  f 
adjualmeut  (/)   phiccd   uonveniently  behind   the   i 
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near  the  hand  which  rests  on  the  table,  is  in  the  very  best  posi- 
tion ;  wliereas,  in  some  London  instruments,  it  is  placed  on  the 
top  of  the  pillar,  so  that  you  must  raise  your  hand  and  arm 
every  time  it  is  touched  (Fig  7,  f).  In  other  London  instruments, 
it  is  placed  in  front  of  the  body,  so  that  you  must  stretch  out 
the  arm  and  twist  the  wrist  to  get  at  it.  No  one  could  work 
long  with  so  inconvenient  a  contrivance. 

3.  Fdcility  for  observation  and  demonstration, — For  facility  of 
observation  and  demonstration,  it  is  necessary  that  the  instru- 
ment should  be  of  a  convenient  height,  and  that  the  stage  cm 
which  tlie  objects  are  placed  should  be  easily  accessible.  Hei*e, 
again,  nothing  can  be  more  commodious  than  the  microscope  I 
have  recommended,  for,  when  it  is  placed  on  the  table,  its  height 
is  almost  on  a  level  with  the  eye,  and  we  can  look  through  it  for 
hours  without  the  slightest  fatigue.  On  the  other  hand,  the 
stage  (d)  is  elevated  just  so  much  as  enables  the  two  hands, 
resting  on  their  external  edges,  to  manipulate  with  facility  all 
kinds  of  objects  placed  upon  it.  The  large  London  instruments 
are  so  high  as  to  render  it  necessary  to  stand  up  to  see  through 
them.  To  obviate  this  disadvantage,  a  movement  is  given  to 
the  body,  by  which  it  can  be  depressed  to  any  angle  (Plate  XXI. 
fig.  7).  But  this  movement  renders  the  stage  oblique,  and 
removes  it  to  a  distance,  where  it  becomes  very  inconvenient  to 
manipulate  on  its  surface.  To  obviate  this  difficulty,  the  stage 
itself  has  been  rendered  moveable  in  various  ways  by  different 
screws  (Fig.  7),  so  that  in  this  way  complexity  has  been  added 
to  complexity,  until  a  mass  of  brass  work  and  screws  is  accumu- 
lated, to  the  advantage  of  the  optician,  but  to  the  perplexity 
and  fatigue  of  the  observer.  But  by  no  contrivance  is  it  pos- 
sible to  avoid  the  aching  arms  which  such  a  position  of  the  stage 
invariably  produces  in  those  who  work  with  such  a  cumbrous 
machine  for  any  length  of  time.  Hartnach  has  recently  placed 
a  joint  on  his  small  microscopes,  which,  when  they  are  bent, 
brings  the  eye-piece  opposite  the  observer's  stomach.  Except 
for  the  purpose  of  drawing  with  a  camera  it  is  utterly  useless. 

4.  Portability. — This  i?  a  property  which  should  by  no  means 
Ikj  overlooked  in  instruments  that  are  intended  more  for  utility 
than  ornament.  A  niediciil  man  is  often  called  upon  to  verify 
f.'vcts  in  various  places  ;  at  his  own  house,  at  an  hospital,  at  the 
bed-side  of  his  patient,  or  at  a  private  post-mortem  examination. 
It  is  under  such  circumstances  that  the  value  of  portability  is 
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recognised.  The  large  LondoD  instraments  require  an  equiptge 
or  a  porter  to  transport  them  from  place  to  place  ;  even  the 
putting  them  in  and  out  of  the  large  boxea  or  cabineta  that  are 
built  around  them,  is  a  matter  of  labour.  In  short,  notwith- 
standing the  splendour  of  the  screws,  the  glittering  of  the  braM, 
and  the  fine  workmanship  (Plate  XXL  fig.  7),  there  can  be 
little  doubt  that,  on  the  whole,  they  are  very  clumsy  afifaira 

There  are  many  occasions  on  which  a  medical  man  may  find 
it  useful  to  carry  a  microscope  with  him,  especially  in  the  case 
of  post-mortem  examinations.  Many  attempts  have  been  made 
to  construct  a  pocket  microscope  ;  and  for  the  purposes  above 
alluded  to,  I  myself  caused  one  to  be  constructed  some  years  ago 
which,  with  its  case,  resembled  a  small  pocket  telescope.  Dr 
Qruby  of  Paris,  however,  has  planned  the  most  ingenious  instru- 
ment of  this  kind,  which  possesses  most  of  the  properties  we 
have  enumerated,  and  will  be  found  very  useful  for  tliose  accus- 
tomed to  microscopic  manipulation.  It  is  contained  in  a  case 
the  size  of  an  ordinary  snuff-box,  and  possesses  all  the  con- 
veniences uf  the  larger  instruments,  with  various  lenses,  a 
micrometer,  8li])s  of  glass,  needle,  knife,  and  forceps  in  that 
smaU  compass.  *  It  is  deficient  in  steadiness,  however,  a  fanlt 
which  has  been  removed  by  a  similar  instrument  made  by 
Nachet  of  Paris,  the  box  of  which  is  made  of  brass  (Plate  XXI. 
figs.  9  and  10),  and  which  I  can  strongly  recouunend  for  iti 
usefulness  and  excellence. 

There  is  a  general  feeling  among  the  public  that  the  larger  a 
microscope  is,  the  more  it  must  magnify  ;  but  this  is  an  error. 
A  very  imposing  matis  of  brass  work  and  mechanical  complexity 
is  no  guarantee  that  you  will  see  objects  bettor,  or  what  is  of 
moi-e  consequence,  become  good  observers.  On  the  coutrary,  the 
more  unwieldy  the  instrument,  the  less  disposed  will  you  l«  to 
use  it.  Besides,  the  habitual  employment  of  ailificial  metbodf 
of  moving  about  the  object,  as  by  the  screws  of  a  moveable 
Htige,  will  prevent  your  aociuiriug  that  dexterous  use  of  vour 
fingers  and  accuracy  of  manipulation  which  are  at  all  times  to 
useful.  Nothing,  indeed,  can  be  more  amusing  than  to  see  a 
man  twisting  his  screws,  pushing  his  heavy  awkward  stage 
about,  and  laboriously  wasting  time  to  find  a  luinute  object 
which  another  csin  do  in  a  moment,  and  without  fatigue,  by  the 

•  For  a  rr|>re«ontation  of  thiii  inxtrunient,  sec  my  Clinical   Medldne, 
•ditlun,  pp.  U7  and  SO. 
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simple  use  of  his  fingers.  But  perhaps  you  will  consider  the 
weightiest  objection  to  the  large  instruments  is  the  expense  they 
necessitjite, — the  cost  being  necessarily  in  proportion  to  the 
amount  of  brass  and  mechanical  labour  employed  upon  them. 
If,  then,  you  have  to  choose  between  a  complex  model  and  a 
simple  one,  I  strongly  advise  you,  as  a  matter  of  real  economy, 
to  choose  the  latter. 

We  have  next  to  speak  of  the  optical  parts  of  microscopes, 
which  are  certainly  much  more  important  than  the  mechanical 
ones — for  everything  depends  upon  obtaining  a  clear  and  dis- 
tinct image  of  the  object  examined.  Under  this  head  we  may 
describe  the  objective,  the  eye-piece,  and  methods  of  illumination. 

1.  The  Objective^  or  series  of  Achromatic  Lenses,  is  that  part  of 
the  optical  portion  of  a  microscope  which  is  placed  at  the 
bottom  of  the  tube  or  body,  and  is  near  the  object  to  be 
examined.  This  may  be  considered  the  most  important  part 
of  the  instrument,  and  the  greatest  pains  have  been  taken 
by  all  opticians  in  the  manufacture  of  good  lenses.  It  is  here, 
I  consider,  that  the  London  opticians  are  pre-eminent,  for  I  am 
not  aware  that  in  any  part  of  the  world  more  perfect  objectives 
have  l)een  manufactured  than  the  eighth  of  an  inch  by  Smith, 
the  twelfth  of  an  inch  by  Ross,  and  the  sixteenth  of  an  inch  by 
Powell.  The  latter  has  also  manufactured  the  twenty-fifth  of  an 
inch,  which  I  have  used  with  advantage.  And  Dr  Beale  tells 
U8  he  ha8  made  for  him  a  lense  of  one-fiftieth  of  an  inch  focus. 
But  when  we  come  down  to  one-fourth  of  an  inch,  which  is  by 
far  the  most  useful  objective  for  histological  and  medical  pur- 
jwses,  the  suiHjriority  of  the  London  opticians  is  very  slight,  if 
any.  At  this  magnifying  power  the  compound  lenses  of  Hart- 
nach  and  Nachet  of  Paris  ;  Schick  and  Pistor  of  Berlin ; 
Frauenhofer  of  Munich,and  Ploesel  of  Vienna,  may  be  employed 
with  the  greatest  confidence,  and  it  may  be  said  that  by  far 
the  largest  number  of  important  discoveries  in  science  have 
been  made  through  their  employment.  The  Parisian  lenses  in 
addition,  have  one  great  advantage,  namely,  their  cheapness. 

The  London  opticians  have  succeeded  in  combining  the  lenses 
of  their  objectives  so  as  to  obtain  a  large  field  of  vision,  with 
as  little  loss  of  light  as  )K)ssible  (Plate  XXI.  figs.  5,  a,  and  6). 
These  qualities  are  valuable  in  the  lower  magnifying  lenses 
during  the  examination  of  opaque  objects,  and  in  the  higher 
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ones  when  observing  transparent  objects  by  transmitted  ligkt 
But  in  the  lenses  of  medium  power,  such  as  the  one-fourth  of 
an  inch,  those  of  Hartnach  and  of  other  continental  makers  uc 
equally  good. 

In  recent  times  so-called  immersion  lenses  have  been  employed 
with  advantage,  that  is,  lenses  so  made  that  they  may  be 
depressed  in  a  drop  of  water  placed  upon  the  covering  gluL 
The  object  is  thereby  more  highly  illuminated  and  the  focil 
distance  increased.  The  highest  powers  can  in  this  way  be 
obtained  at  a  much  more  reasonable  price,  from  Hartnach,  than 
from  the  London  makers,  and  they  are  excellent. 

For  the  above  reasons,  as  well  as  from  considerable  experienoe 
in  the  use  of  many  kinds  of  microscopes  by  different  mannfic- 
turers,  I  am  satisfied  that  the  best  lens  you  can  employ  for 
ordinary  purposes  is  Hartnach's  No.  7,  which  corresponds  to 
what  is  called  in  England  the  quarter  of  an  inch.  For  lov 
powers  you  may  have  Hartnach 's  No.  3,  or  the  one- inch  lens  ol 
the  Loudon  opticians.  For  all  the  wants  of  the  medical  man 
these  will  be  suffiocnt.  Occasionally  the  higher  lenses  may  be 
required  by  the  physiologist,  as  during  the  examination  of 
the  ultimate  fibrillar  of  muscle.  These,  by  whoever  made,  may 
be  attached  to  the  model  we  have  recommended  by  means  of  a 
brass  screw  made  on  purpose. 

2.  The  Eye-piece, — This  is  that  portion  of  the  optical  apparatus 
which  is  placed  at  the  up]^r  end  of  the  tube  or  body,  and  is 
near  the  eye  of  the  observer  (Fig.  8,  a).  While  the  objective 
magnifies  the  object  itself,  the  oye-piece  only  magnifies  the 
image  transmitted  from  below.  Hence,  as  a  source  of  magnify- 
ing power,  it  is  inferior  to  the  lens ;  and  when  thia  poesesaea 
any  defects,  these  are  enlarged  by  the  eye-piece.  Two  eye- 
pieces are  all  that  is  necessary  with  the  model  I  have  recom* 
mended,  and  those  of  Oberhieusor,  called  Nos.  3  and  4,  are  the 
most  useful  for  tlie  medical  man. 

3.  Methods  of  illumination, — There  are  few  things  of  more 
importance  to  the  practical  histologist  than  the  mode  of  illumio- 
ation.  This  is  ac*com))]ished — 1st,  by  transmitted  light  ;  Sd, 
by  direct  li.t,'ht  ;  and  .'kl,  by  achromatic  light. 

Ti-ansmitted  light  is  obtained  by  moans  of  a  mirror  placed 
below  the  object,  which,  to  Imj  seen,  must  therefore  lie  trans- 
parent (Plate  XXI.  fig.  8,  e).  In  large  microHco[)e8  the  mim>n 
are  provided  with  universal  joints,  so  that  they  may  easily  be 
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turned  in  any  direction  (Fig.  7,  m).  Below  the  stage  every 
microscope  should  possess  a  diaphragm  pierced  with  variously 
sized  holes,  wliereby  the  amount  of  light  furnished  by  the 
mirror  may  be  moderated.  In  Oberhaiuser's  and  Nachet's 
instruments  the  smallest  aperture  should  be  employed  for  the 
higher  objective.  It  is  also  useful  in  the  examination  of  many 
objects  that  the  light  should  be  directed  upon  them  obliquely  ; 
this  may  be  done  by  the  diaphragm,  or  by  the  mirror,  and  in 
the  small  model  (Fig.  8)  is  admirably  attained  by  simply  turn- 
ing the  whole  microscope.  The  best  light  for  microscopic  pur- 
poses is  that  obtained  by  catching  the  rays  which  are  reflected 
from  a  white  cloud.  The  conjoined  use  of  the  mirror  and 
diaphragm  can  only  be  learned  from  actual  experience. 

Direct  light  is  employed  in  the  examination  of  opaque 
objects,  and  the  lenses  of  low  power,  manufactured  by  the 
principal  London  opticians,  enable  us  to  do  so  without  assistance. 
Occasionally,  however,  the  light  of  the  sun  is  useful ;  and  when 
this  cannot  be  obtained,  the  rays  of  a  lamp  or  gas  light,  concen- 
trated by  a  bull's-eye  lens,  may  be  employed  (Fig.  8,5r).  Hence 
every  microscope  should  be  possessed  of  such  a  lens,  and  it  is 
inoHt  convenient  to  have  it  attached  to  the  body  of  the  instru- 
ment by  a  moveable  ring,  and  stem  with  one  or  two  joints,  as 
in  the  model  figured  (Plate  XXI.  fig.  8). 

Achromatic  light  is  only  serviceable  in  the  examination  of  very 
delicate  objects,  with  high  powers.  The  apparatus  necessary 
for  obtaining  it  is  occasionally  useful  in  ascertaining  the  ultimate 
structure  of  muscle,  or  the  nature  of  the  markings  on  minute 
scales  or  fossils.  The  most  elaborate  instrument  for  obtaining 
condensed  and  achromatic  light  is  Gillett's  condenser  (Fig.  7,  g). 
It  can  only  be  adapted  to  the  large  instruments,  and  is  seldom 
used.  In  the  same  way  I  know  of  little  benefit  to  be  obtained 
by  a  polarising  apparatus. 

In  addition  to  the  mechanic:i1  and  optical  parts  constituting 
the  niicnx'^eope  itself,  the  box  which  contains  it  should  possess  a 
convenient  place  for  holding  a  few  slips  of  glass,  a  pair  of  small 
forceps,  a  knife,  and  two  needles  firmly  set  in  handles.  A 
micrometer  to  measure  objects!  with  is  also  essential  to  those 
who  are  making  observations  with  a  view  to  their  exact  descrip- 
tion.    No  other  accessories  are  necessary. 

An  excellent  microscoi)e  of  the  model  figured  (Fig.  8),  by 
Uartuach,  with  two  objectives  (Nos.  3  and  7),  two  eye-pieces 
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(Nos.  3  and  4),  a  neat  box  with  all  the  accessories 
(with  the  exception  of  a  micrometer,  which  had  better  be  En^ 
lish)  may  be  obtained  in  Paris  for  the  sum  of  140  francs  {£b  Idk), 
and  ought  not  to  cost  in  Edinburgh,  after  payment  of  carriage, 
more  than  seven  pounds.  Nachet's  instruments  are  somewhat 
cheaper.  Either  of  them,  for  all  the  purposes  of  the  stadentp 
is  amply  sufficient. 

Test-objects. — The  defining  power  of  a  microscope  is  generally 
tested  by  examining  with  it  a  transparent  object,  having  certaia 
fine  markings,  which  can  only  be  rendered  clearly  i-isible  when 
the  glasses  are  good.  In  all  such  cases,  it  is  of  course  neceamy 
to  be  familiar  with  the  structure  of  the  test-object  in  the  fint 
instance.  If  you  are  not  confident  on  this  point,  it  is  better  to 
trust  to  the  judgment  of  a  friend  whose  knowledge  of  liistologT 
is  ascertained,  or  place  your  dependence  entirely  on  a  respect- 
able optician.  One  of  the  best  testK>bjects  for  a  quarter  vi  an 
inch  lens  is  a  drop  of  saliva  from  the  mouth.  For,  if  a  miCTO- 
scope  shews  with  clearness  the  epithelial  scales,  the  structnn  of 
the  salivary  globules,  their  nuclei,  and  contained  niolcnles,  too 
may  be  satisfied  that  the  instrument  will  exhibit  all  the  facti 
with  which,  as  medical  men,  you  have  to  do.  (See  Plate  IX. 
fig.  3.) 

Mensuration  and  Demonstration. 

Having  obtained  a  good  instrument,  and  tested  its  qualities 
in  the  manner  described,  the  student  should  next  determiiM 
the  number  of  diameters  linear  the  various  combinations  of 
glasses  magnify.  This  he  may  do  for  himself  with  the  aid  of 
a  micrometer,  a  pair  of  compasses,  and  a  measure. 

A  micrometer  is  a  piece  of  glass  on  which  lines  are  ruled  at 
the  distance  of  i^vth  or  i-czk  th  of  an  inch.  This  mu8t  be  placed 
under  the  insti*unient,  when  the  lines  and  the  distances  between 
them  will  of  course  be  magnified  by  the  combination  of  glasses 
employed,  like  any  other  object.  Taking  a  pair  of  couijMiSses  in 
one  hand,  we  separate  the  i>oinU,  and  jilace  them  on  the  stage 
(always  on  a  level  with  the  micrometer  magnified).  Now,  look- 
ing through  the  instrument  with  one  eye,  we  regard  the  points 
of  the  compass  witli  the  other,  and  mark  off  by  the  naked  sight, 
say  the  1^7)  th  of  an  inch,  as  magnified  by  the  instniinent 
Though  difficult  at  first,  a  little  practice  enables  us  to  do  this 
with  the  greatest  accuracy.     The  result  is,  that  if  the  distance 
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magnified  and  tso  marked  off  (r^th  of  an  inch)  is  equal  to  three 
inches,  the  instrument  magnifies  300  times  linear ;  if  two  inches, 
200  times  ;  and  so  on. 

To  measure  the  size  of  objects,  they  may  be  placed  directly  on 
the  micrometer  ;  but  as  this  is  at  all  times  inconvenient,  whilst 
the  object  and  micrometer,  from  their  not  being  in  the  same 
plane,  cannot,  under  high  powers,  both  be  brought  into  focus  at 
once,  it  is  better  to  use  an  eye-micrometer.  Many  ingenious 
inventions  of  this  kind  are  to  be  procured.  The  most  simple  is 
a  ruled  micrometer  placed  in  the  focus  of  the  upper  glass  of  the 
eye-piece.  With  this  we  observe  how  many  divisions  of  the 
eye-micrometer  correspond  with  one  of  those  magnified  by  the 
microscope,  always  maJcing  our  observation  in  the  centre  of  the 
field,  where  the  aberration  of  sphericity  is  least.  On  the  latter 
being  removed  and  replaced  by  an  object,  it  becomes  a  matter 
of  mere  calculation  to  determine  its  size.  Thus,  supposing  each 
of  the  spaces  in  the  upper  to  represent  the  rcVa  th  of  an  inch 
magnified  250  diameters  linear,  and  five  of  the  lower  spaces,  as 

seen  in  an  eye-micrometer,  to  correspond 
with  one  of  these — it  follows  that  each  of 
these  latter  must  measure  Wirvth  of  an 
inch. 

If  it  be  not  in  your  power  to  estimate  the 
magnifying  power  for  yourself,  the  optician 
will  construct  a  table,  setting  forth  the 

Spaces  equal  to  1-1 000th  .  ,  i?       i  ^  i  » 

of  an  inch  maifniflcd  250  various  degrees  of  enlargement  possessed  by 

the  lenses,  and  different  eye-pieces  with  the 
tube  up  or  down.  This  table  should  always 
be  referred  to  during  the  description  of 
objects,  and  the  amount  of  magnifying 
power  invariably  stated. 

Five  ruled  spaces  in  an  ^^*  ^^^  9f  demonstrating  Under  the  micro- 
eye-microineter,  corres-  scope  is  only  to  be  acquired  by  long  practice, 

ponding  to  one  of  those  f  ^i.-  •   •  ^-     i    i  -n 

above,  and  consequently  and  like  everything  requiring  practical  skill, 
equai^to  the  i-&uooth  of  ^^^^^  y^  j^^^^^.  ^^^  y^^^  ^^  Systematic 

lectures.     I  can  only  here  give  very  general 
directions  on  this  head. 

All  that  is  necessary  in  examining  fluid  substances,  is  to  place 
a  drop  in  the  centre  of  a  slip  of  glass,  and  letting  a  smaller  and 
thinner  piece  of  glass  fall  gently  upon  it,  so  as  to  exclude  air 


diameters  linear. 
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bubbles,  place  it  upon  the  stage  under  the  objective.  In  tbb 
way  the  fluid  substance  will  be  diffused  equally  over  a  flat 
Buiface,  and  evaporation  prevented,  which  i¥ould  dim  the 
objective.  The  illumination  must  now  be  carefuUy  arranged, 
and  the  focus  obtained,  first  by  means  of  the  coarse,  and  then 
by  means  of  the  fine,  adjustment.  It  will  save  much  time,  in 
examining  structures,  to  employ  always,  at  one  sitting,  tlie 
8}\me  slips  of  glass,  as  it  is  easier  to  clean  these  with  a  towdL 
after  dipping  them  in  water,  than  to  be  per|>etuallj  Mliifring 
the  coarse  adjustment. 

The  action  of  water,  acetic  acid,  and  of  other  re-agenta,  oo 
the  particles  contained  in  a  fluid,  may  be  observed  by  mixing 
with  it  a  drop  of  the  re-agent  before  covering  with  the  apper 
glass  ;  or  if  this  be  already  done,  the  drop  of  re-agent  may  be 
placed  at  the  edge  of  the  upper  glass,  when  it  will  be  diflfafffi^ 
through  the  fluid  under  examination  by  imbibition. 

The  mode  of  demonstrating  solid  substances  will  vary  aoooid- 
ing  as  they  are  soft  or  hard,  cellular  or  fibrous.  The  structiiR 
of  a  soft  tissue,  such  as  the  kidneys,  skin,  cartilage,  &c,  ii 
determined  by  making  very  minute,  thin,  and  transparent  slicei 
of  it  in  various  directions,  by  means  of  a  sharp  knife  or  raaor. 
These  sections  should  be  laid  upon  a  slip  of  gLoss,  then  covered 
over,  and  slightly  pressed  flat,  by  means  of  an  upper  one.  The 
addition  of  a  drop  of  water  renders  the  parts  more  clear,  and 
facilitates  the  examination,  although  it  should  never  be  foi^ttcn 
that  most  cell-structures  are  thereby  enlarged  or  altered  in 
shape  from  endosmosis.  Acid  and  other  re-agents  may  be  ap- 
plied in  like  manner.  The  doublc-bladed  knife  of  Valentin 
will  enable  us  to  obtain  large,  thin,  and  equable  sections  of 
such  tissues,  and  permit  us  to  see  the  manner  in  which  the 
various  elements  they  contain  are  arranged  with  regard  to  each 
other.  Harder  tissues,  such  as  wood,  horn,  indurated  cutide. 
&c.,  may  also  be  examined  after  making  thin  sections  of  them. 
Very  dense  tissues,  such  as  bone,  teeth,  shell,  &c.,  require  to 
be  cut  into  thin  sections,  and  afterwards  ground  down  to  tlie 
necessary  thinness.  Pre])ai'atious  of  this  kind  are  now  maim- 
Pictured  on  a  large  scale,  and  may  be  obtaineil  at  a  trifling  cost. 
A  cellular  ])areuchymatous  structure,  such  as  the  liver,  may  be 
examined  by  crushing  a  minute  portion  between  two  glaaMa 
If  it  l)e  membranous,  as  the  cuticle  of  plants,  epithelial  layers, 
&c.,  the  membrane  should  be  carefully  laid  flat  upon  the  lower 
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glass,  and  covered  with  an  upper  one.  The  fibrous  and  tubular 
structures  such  as  the  areolar,  elastic,  muscular,  and  nervous 
tissues,  must  be  separated  by  means  of  needles,  and  then 
spread  out  into  a  thin  layer  before  examination,  with  or  with- 
out water,  &c 

The  commencing  observer  should  not  be  discouraged  by  the 
difficulties  he  will  have  to  encounter  in  dissecting  and  displaying 
many  tissues.  He  must  remember  that  the  figures  he  sees 
published  in  books  are  generally  either  fortunate  or  very  care- 
fully prepared  specimens.  Practice  will  soon  enable  him  to 
obtain  the  necessary  dexterity,  and  to  convince  himself  of  the 
importance  of  this  mode  of  inquiry.  He  should  early  learn  to 
draw  the  various  objects  he  sees,  before  and  after  the  action  of 
re-agents,  not  only  because  such  copies  constitute  the  best  notes 
he  can  keep,  but  because  drawing  necessitates  a  more  careful  and 
accurate  examination  of  the  objects  themselves.  A  note-book 
and  pencil  for  the  purpose  should  be  the  invariable  accompani- 
ments of  every  microscope. 

How  TO  Observe  with  a  Microscope. 

The  art  of  observation  is  at  all  times  difficult,  but  is  especially 
so  with  a  microscope,  which  presents  us  with  forms  and  struc- 
tures concerning  which  we  had  no, previous  idea.  Kigid  and 
exact  investigation,  therefore,  should  be  methodically  culti- 
vated from  the  first,  in  order  to  avoid  those  errors  into  which 
the  tyro,  when  using  a  microscope,  is  particularly  liable  to 
fall.  Thus,  he  should  carefully  examine  the  physical  proper- 
ties of  the  particles  and  ultimate  structures  he  may  see,  and 
not  hastily  conclude  that  he  has  under  observation  so-called 
pus,  tubercle,  or  cancer-corpuscles,  because  they  were  obtained 
from  what  was,  d  priori^  believed  to  be  pus,  tubercle,  or  cancer. 
Nothing  has  been  more  clearly  demonstrated  by  the  progress 
of  histology  than  the  fact,  that  the  naked  sight  has  confounded 
difierent  structures  together,  from  a  similarity  of  external 
appearauce,  and  that  the  greatest  caution  is  required  at  all 
times,  but  especially  by  learners,  in  forming  opinions  as  to  the 
nature  of  difierent  tissues. 

The  physical  characters  which  distinguish  microscopic  objects 
consist  of — Ist,  Shape  ;  2d,  Colour  ;  3d,  Edge  or  border  ;  4th, 
Size  ;  5th,  Transparency  ;  6th,  Surface  ;  7th,  Contents ;  and 
8th,  Effects  of  re-agents.    These  we  may  notice  in  succession. 
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1.  Skapt. — Accnrate  observation  of  the  shape  of  bodiei 
verj  neceasarj',  as  manj  of  theae  are  diHtinguiBhed  \ij  this 
phyaicol  property.  Thux  the  huoian  blood  globules,  preseocitig 
a,  bicoucave  round  disk,  are  in  thin  respect  different  froni  the 
oval  oorpUBcles  of  the  camelids,  of  birds,  reptiles,  and  fishea. 
The  distinclJOD  between  circular  and  globular  is  very  necee- 
aaxy  to  be  att«Qded  to.  Human  blood  corpuscles  are  circular 
and  flat,  but  tliey  become  globular  ou  the  addition  of  water. 
Minute  Htructures  seen  under  the  microscope  uuiy  also  be  likened 
to  the  slinpe  of  well-known  objects,  such  as  that  of  a  pear, 
balloou.  kidney,  heart,  &c.  &c. 

2.  Colour. — The  colour  of  Btructurea  varies  greatly,  and 
differs  under  the  microscope,  from  what  was  previously 
ceived  regarding  them.     Thus  the  coloured  corpusclwi  of 
blood,  though  commonly  called  red,  are  in  point  of  fact  yell 
Miiuy  objects  present  different  colonrs,  according  to  tlie 
of  illumination  ;  that  is,  as  Ibe  light  is  reflected  from,  or  ti 
mitt«d  through,  their  substance,  as  in  the  case  o ' 
of  insects,  feathers  of  blrde,  &c.    Colour  is  often  produMd, 
modified,  or  lost,  by  re-agents,  as  when  iodine  comes  in  cont«ct 
with  starch  corpuscles,  when  nitric  acid  is  added  to  the  gr&nulea 
of  chlorophyle,  or  chlorine  water  affecta  the  pigment  cells 
choroid,  and  »o  on. 

3.  Kdije  or  border. — The  edge  or  border  may  present 
liaritiee  which  are  worthy  of  notice.    Thus,  it  may  be  dark 
abrupt  ou  the  field  of  the  microscope,  or  so  fine  aa  to  be 
visible.     It  may  be  smooth,  irregular,  serrated,  beaded,  && 

4.  Sua.— The  aiM  of  the  minute  bodies,  fibres,  or  tubes,  wl 
are  found  in  the  various  textures  of  animals,  can  only  be  di 
mined  with  exactitude  by  actual  meaauremenl,  in  the  inai 
formerly  described.     It  wilt  be  observed  for  the  most  part, 
tiiese  minute  structures  vary  in  diameter,  so  that  when  th< 
medium  size  cannot  l>e  determined,  the  variations  in  size  fronT 
the  smaller  to  the  larger  should  be  stated.    Human  blood 
globules  in  a  atate  of  health  have  a  pretty  general  medium 
size,  and  these  may  consequently  be  taken  aa  a  standard 
advantage,  and  bodies  may  be  dejcribed  as  lieing  two,  three, 
more  times  larger  than  this  structure. 

B.  Trantpareneg. — This  visible  property  varies  greatly 
nltimale  elements  of  numerous  textures.  Some  corpuscl 
quite  diaphanous,  others  are  more  or  less  opaque.    The 
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111B7  depend  upon  comigation  or  irregularitiea  du  (lie  external 
anrface,  or  upou  conUnU  of  different  kinds.  Some  bodies  are 
BO  opai^ui:  a»  to  prevent  the  tranamissioQ  of  tbe  rajR  of  ligbt, 
when  they  look  black  by  tranBinitted  light,  although  they  be 
white,  seen  by  reflected  light.  Others,  such  as  fatty  particles 
tuid  oil  globules,  refract  tbe  rays  of  light  strongly,  and  present 
a  peculiar  luminous  appeamnce. 

6.  Surface. — Majiy  texturea^  espocially  lamiuated  ones,  pre- 
fteut  a  different  structure  on  tbe  so  rfai'e  from  that  which  eiists 
below.  If,  thea,  in  the  demonstistion,  these  have  uot  been 
Reparated,  the  focal  point  must  be  changed  by  mcaua  of  the 
fine  adjustment.  In  this  way  the  capillojies  in  the  web 
of  the  frog's  foot  may  be  seen  to  be  covered  with  an  epidermic 
layer,  luid  the  cuticle  of  certain  minute  fungi  or  iiifusuria  t^ 
possess  peculiar  markings.  Not  unfrequently  the  fracture  of 
such  structures  enables  us,  on  examining  the  brokeu  edge,  to 
distinguish  tbe  difference  in  structure  between  the  surface  and 
the  deeper  layers  of  the  tissue  under  examination. 

7.  ConcenU. — The  cont«ntB  of  those  structures,  which  consist 
of  envelopes,  as  cells,  or  of  various  kinds  of  tubes,  are  i-ery 
important.  These  may  consist  of  included  cells  or  nuclei, 
graniilca  of  different  kinds,  pigment  matter,  or  crystals. 
Ctccasionally  their  contents  present  definite  moving  currents, 
as  iu  the  cells  of  some  vegetables,  cir  trembling  rotatory 
molecular  movements,  as  in  tbe  ordinary  globules  of  saliva  in 
the  mouth. 

8.  EfffcU  of  re-agaiiU. — These  are  most  important  in  deter- 
mining the  structure  and  chemical  composition  of  numcivus 
tissues.  Indeed,  in  the  same  manner  tliat  the  anatomist  with 
his  knife  separates  tbe  various  layers  of  a  texture  he  is  examin- 
ing, so  the  bistologist,  by  tbe  use  of  reagents,  determines  the 
exact  nature  and  composition  of  the  mtnut«  bodies  that  fall 
under  his  inspection.  Thus,  vraler  generally  causes  cell  forma- 
tions to  swell  out  from  endoemoeis  ;  whilst  syrup,  gum  water 
and  concentrated  saline  Molutions,  cause  tbem  to  collai>se  from 
eioamosis.  Aeetio  acid  poaaesses  the  valuable  propvKy  of  dis- 
solving coagulated  albumin,  and,  in  cottsequ«nce,  renders  tbe 
whole  class  of  albumiuous  tissues  more  transparent.  Thus,  it 
operates   on   cell   walls,   causing   them   either    to   dissolve   < 


become  so  thin  as  to  disjilay  their 


more  clcirty.    £tkeT, 
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ou  tlie  other  hnnd,  auil  tlie  alkaliea,  operate  cd  tlie  fattj  coi 
pounds,  caiisiug  tbeir  itolulion  imd  dJKippearauce.  The  min4r(U 
acidt  diesolve  most  of  the  mineral  confltituents  tliat  are  met 
with,  80  that  in  tliia  way  we  are  enabled  to  tell,  with  tolerable 
certaiutj,  at  nil  eventa  the  group  of  chemical  compounds  \i> 
which  any  particular  atnicture  may  be  referred,  Other  re- 
agents are  occasioniilly  iiaeful,  such  us  tannic  and  oamic  acida, 
magentSj  glycerine,  solution  of  nitrate  of  silver,  &c 

Mode  of  Conditctinq  thb  ComiflK. 

I  Srst  commenced  teaching  practical  histology  is  the  year 
1841,  and  have  continued  doing  so  imintermptediy  ever  since. 
This  long  experience  has  satislieil  me  that  the  best  method  of 
teaching  the  aiibject  ia  to  place  a  microscope  in  the  hands  of 
each  student  who  sita  at  a  table  opposite  a  good  light.  The 
tables  should  be  arranged  before  an  e]eva<«d  obair,  from  which 
the  t«acher  may  watch  the  mauiiiulntioua  of  every  student. 
Two  or  more  experienced  assistants  are  al*aya  neceasary. 

Optieal  illaxiom. — The  first  lesson  to  be  acquired  is  Iiow  to 
recognise  the  influence  of  transmitted  light  upon  transparent 
solid,  and  hollow  bodies,  especially  in  tlieir  globular,  flattened, 
lilamentoDS,  or  tubular  forms.  Also  the  influence  of  direct 
and  oblique  light,  the  use  of  the  iliaphragm,  modes  of  illn- 
mination,  and  the  variations  resulting  from  the  nse  of  low, 
medium,  and  high  powers.  It  is  from  a  neglect  of  this  absolutely 
necessfiry  practical  knowledge  that  we  are  indebted  to  so  many 
errors  among  microscopical  observers,  some  describing  aa  nuclei 
wliat  are  only  the  transparent  centres  of  homogeneous  bodies, 
and  others  confounding  tubes  with  solid  fibres, 

Practical  invatigatwni.- — The  student  having  learnt  the 
optical  principles  on  whicli  »  microscope  is  conatnicl«d  ;  the  use 
of  its  various  })arts  ;  bow  to  observe  ;  how  to  measure  the 
:nftgnifying  jiower  of  his  instrument,  and  of  various  obj«et« 
and  the  optical  illusions  so  commonly  presented  to  his  eye, ' 
now  prapai'ed  to  commence  his  histological  inr[uiries. 

The  best  object  to  examine  first  is  the  human  coloured  blooi] 
corpuscle,  and  it  is  of  consequence  that  this  shouhl  be  done 
thoroughly,  and  all  the  physical  facts  regarding  it,  including 
the  eflfects  of  reagents,  carefully  described  by  each  student. 
It  should  be  also  accurately  measured,  as  I  adopt  its  size  as  t. 
Standard  of  comparison  for  other  structures.      This  accom- 


,1 

:   I 


PREPARATION  OF  THE  TISSUES,  517 

plinhed,  all  the  elementary,  molecular,  cellular,  fibrous,  and 
tubular  stuctures,  are  similarly  examined  seriattm  in  the  order 
iu  which  they  are  noticed  in  the  first  part  of  this  work, 
each  student  making  and  describing  his  own  demonstrations, 
and  the  errors  he  may  fall  into  at  once  corrected  by  the  pro- 
fessor or  his  assistants.  Then  all  the  special  organs  and  pro- 
ducts of  nutrition,  innervation,  and  reproduction,  are  also 
investigated  iu  the  order  in  which  they  are  described  in  the 
second  and  third  parts  of  this  work.  As  the  course  pro- 
ceeds, the  student  is  instructed  and  practised  in  the  method  of 
denioust rating  each  tissue,  how  to  make  sections,  how  to  inject, 
how  to  prepare,  stain,  and  put  up  preparations,  &c.  The  whole 
subject  is  further  illustrated  by  the  examination  of  selected 
specimens,  from  a  histological  collection  containing  upwards 
of  3000  preparations  of  the  vegetable  and  animal  structures, 
human  and  comparative,  healthy  and  morbid.  These  are 
nrrauged  so  as  to  form  a  series  of  demonstrations  in  another 
room,  which  may  be  examined  at  leisure. 

Preparation  of  the  Tissues. 

Thin  sections  of  a  tissue  may  be  made  in  one  of  three  ways  : 
(a.)  By  an  ordinary  razor,  or  double-edged  scalpd,  (6.)  By  a 
Vdlendne's  knife  (Plate  XXL  fig.  12).  This  knife  consists  of 
two  thin,  sharp  blades,  a  and  6.  They  are  kept  opposite  each 
other  by  a  sliding  catch,  e/,  and  the  distance  between  them  can 
be  carefully  graduated  by  means  of  the  fine  screw  c,  which 
passes  through  the  blade  a,  and  acts  by  its  point  on  6.  The 
thin  section  is  received  between  the  blades,  and  is  removed  by 
se;)arating  them  at  the  joint  «,  and  agitating  them  in  water. 
(/'.)  By  means  of  an  apjiaratus  shewn  in  Plate  XXI.  ^^,  11,  A-  B., 
termed  Stirling's  section  cutter,*  It  consists  of  a  wooden  box,c^, 
having  on  its  surface  a  brass  plate,  A  (upper  surface  shewn  at 
B).  The  interior  of  the  box  is  circular,  and  communicates  with 
a  short  tube,  6,  at  the  bottom  of  which  there  is  a  fine  screw,  c. 
The  tissue  is  placed  in  the  tube,  surrounded  by  carrot  or  orange 
peel.  The  tissue  may  now  be  elevated  to  any  extent  required  by 
turning  the  screw ;  a  razor  or  amputating  knife  is  placed  on  the 
brass  plate  and  pushed  obliquely  through  the  tissue  projecting 
al)ove  its  surface.  The  fineness  of  the  screw  enables  us  to  make 
very  thin  and  regular  sections. 

*  Journal  of  Anatomy  and.  Physiology,  May  1871. 
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It  is  often  difRcult  to  cut  sections  of  certain  tiaaues,  owing  % 
their  brittleness  or  extreme  softness.  To  accomplish  thistf 
tissue  niaj  be  surrounded  bj  two  bits  of  carrot,  orange  p 
elder  pith,  or  spennaceti.  The  following  paraffine  mixture  i« 
lueful  for  this  purpose  :  Solid  paraffine,  5  parts  ;  spermaceti,  S 
parts ;  axunge,  1  part.  This  mixture  may  be  melted  and  poured 
into  a  mould,  in  the  centre  of  which  is  imbedded  the  tissue 
under  examination. 

All  tissues  should,  as  far  as  possible,  be  examined  in  their 
natural  condition,  with  no  reagent  except  serum  or  aqueous 
humour.  But  it  is  frequently  neeeeaary  to  act  on  the  tiaeiiee 
with  chemical  or  physical  reagents,  so  as  to  explore  their  struc- 
ture. These  reagenta  mny  be  claaeified  into  (1.)  physical 
reagents,  such  as  heat,  cold,  and  electricity  ;  (3.)  chemicaJ 
reagents,  such  as  acetic  acid  ;  (3.)  hardening  reagents,  such  as 
alcohol,  chromic  acid,  &c. ;  aud  (4.)  softening  reagents,  audt  aa 
nitric  acid,  maceration,  &c. 

1.  Phytical  reagsnti.  k.  JleaX.  —  It  is  erident  that  certain 
delicate  tissues  or  fluids,  such  as  nerve  or  blood,  are  best  seen 
under  conditions  simulating  as  far  aa  possible  those  in  which 
they  exist  in  the  living  body.  Certain  of  these  conditions,  such 
as  a  degree  of  moiature  aud  the  temperature  of  thi!  body,  may 
be  readily  obtained  by  the  use  of  an  apparatus  termed  Strieht'i 
hot  itage.  Tliis  consists  of  a  strong  flat  brass  box,  accunttely 
adapted  to  the  stage  of  an  Oberhauser  or  Hartnach  microBcope, 
having  in  the  centre  of  it  a  small  circ\ilar  chamber,  the  bottom  of 
the  latter  being  made  of  glass,  so  as  to  permit  redacted  light  to 
paaa  from  the  mirror  beneath  the  stage.  The  box  has  inserted 
into  each  end  a  narrow  brass  tube  for  the  ingress  and  egress  of 
fluid,  and  attached  to  it  there  is  a  small  centigrade  thermometer 
which  re^slers  the  temperature  of  the  fluid  in  the  box.  Hot 
water  is  supplied  to  the  box  by  means  of  an  India  rubber  tube 
connecting  it  with  a  boiler,  which,  in  turn,  can  easily  be  kept 
full  by  means  of  a  tube  leading  from  a  cistern,  or  from  one  of 
the  atop-cocka  of  the  laboratory.  It  is  evident  that  the  tem- 
perature of  the  water  iu  the  box  will  be  regulated  by  the 
rapidity  of  the  flow,  because  if  this  be  slow,  the  water  has 
more  time  to  cool  by  radiation,  whereas  if  it  be  fast,  n  constant 
supply  of  hot  wat«r  keeps  the  temperature  high.  The  flow  ot 
water  through  the  box  is  therefore  regulated  by  mei 
apparatus  placed  on  the  right  hand  side  of  the  stage,  c 
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of  an  upright  of  brass  carrying  a  small  couioil  gliu«  tube,  the 
ftjHix  of  the  cone  being  ilirecUd  upviirds,  and  drawn  to  a  fine 
t.  Tlie  luise  of  the  cone  ia  couaected  with  au  indiii-rubber 
tube  teitUiDg  from  the  brass  box,  aud  the  cone  can  be  readily 
raised  or  deprasaed  on  the  support,  and  fixed  in  any  position  by 
K  screw.  By  meauB  of  this  arrangement,  the  water  is  prevented 
from  flowing  rapidly  through  the  box,  and  the  flow  can  be 
reguhtt«d  by  raising  or  depressing  the  glass  cone.  This  hot 
stage  has  been  found  usefal  in  the  examination  of  white  blood 
corpuscles.  A  small  drop  of  blood  is  placed  on  a  covering  glass, 
and  a  drop  of  tepid  water  having  been  previously  introduced  into 
the  bottom  of  the  circular  chamber,  the  covering  glass  is  placed 
over  the  chamber  so  as  to  form  itii  roof,  the  drop  of  blood  being 
on  its  under  surface.  '  Thus  the  blood  corpuscles  are  seen  free 
from  pressure,  in  an  atmosphere  saturated  with  moisture,  and 
at  a  temperature  corresponding  to  the  t«mpeniture  of  the  body. 
The  temjwratare  may  also  be  varied  by  regulating  the  flow  of 
fluid  through  the  box.  The  actions  of  various  gases,  eruch  as 
carbonic  acid  or  oxygen  on  the  binod  corpuscles,  may  also  be 
observed  by  means  of  litis  apparatus.  Two  sliort  brass  tubes 
communicate  with  the  circular  chamber.  One  tube  ia  for  the 
entrance,  and  the  other  for  the  exit  of  the  gas. 

/3.  Cold. — A  low  temperature  kills  a  living  tissue,  and  soon 
hardens  iL  Tissues  may  be  readily  hardened  by  freezing. 
Those  most  suitable  are  lung,  liver,  spleen,  kidney,  and  blood 
gUnds.  The  best  freezing  mixtures  are  the  following  :  (1.)  Ice. 
(2.)  Ice,  S  parts;  chloride  of  sodium,  1  part  (3.)  Calcium 
chloride,  3  parts;  snow,  £  parts.  (4.)  Potassium  nitrate,  4  parte; 
hydrochlorat«  of  ammonia,  100  parts  ;  water,  21)0  (tarts. 

7.  EUctriciti/. — The  action  of  either  a  continuous  or  inter- 
rupted current  on  a  microscopical  object,  may  be  observed  by 
the  following  arrangement :  Two  small  triangular  pieces  of  tin 
foil  are  cemented  on  the  surface  of  an  oriliunry  glass  slide, 
of  such  a  size  that  the  bases  correspond  to  the  ends  of  the 
slide,  and  the  apices  approach  within  the  1-lOth  of  an  inch 
from  each  other.  These  serve  as  electrodes,  and  they  may 
readily  be  brought  into  connection  with  a  batt«ry  by  means 
of  wires  kept  in  apposition  to  tbem  by  small,  but  strong, 
wooden  clips.  By  this  arrangement,  the  action  of  electrical 
currents  and  shocks  ou  dlia,  white  blood  corpuscles,  or  muscle, 
may  be  easily  studied. 
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2.  Chemiad  reagents. — a.  The  solution  of  aeedc  acid  most 
servicenble,  is  prepared  by  mixiog  equaJ  parts  of  ordiDaiy  acetic 
add  und  distilled  water,      0-   Soda  lolution,  is  caustic  soda, 

1  part ;  water,  25  parts,  y-  Olt/reritie  and  glacud  acetic  acid: 
glycerine,  1  ounce ;  acid,  &  drops.  3.  Price's  pure  glycerine. 
These  all  more  or  leas  dissolve  aud  render  tnuuiparent  albumin- 
oua  tissues,  i.  Tannic  add,  2  graios  to  1  oz.  of  distilled  water, 
has  a  peculiar  effect  on  the  coloured  blood  corpuscle  (p.  S3). 

3.  ITtirdening  reagenie. — «■  Alcohol. — The  tissue  should  first 
be  allowed  to  remain  for  several  hours  in  dilute  alcohol,  and 
then  be  immersed  in  absolute  olcohoL  The  retina  tany  b** 
hardened  by  changing  the  absolute  alcohol  every  four  hours 
for  three  days.  ^.  Chromic  acid. — For  most  tissues,  a  solution 
coataioing  -25  per  cent  is  suitable.  For  hardening  nerve  sub- 
stance, a  solution  of  chromic  acid,  1  partj  potoHsium  bichromate, 

2  parts ;  water,  1200  parts,  for  a  week,  and  a  fluid  of  twice 
the  strength  for  six  weekn  are  required  (liookhart  Clarke). 
7.  MiUUr't  Jfitld. — Potassium  bichromate,  2J  parts ;  sodinm 
sulphate,  I  port ;  distilled  water,  100  parts,  is  useful  for 
retina,  Ac,  the  tissue  being  allowed  to  steep  for  four  we€k& 
i-  TelFoxida  of  osmium,  OsO.,  in  solution  of  from  1-lOth  to  t 
per  cent  has  been  found  to  hai-deu  retina,  organs  of  Corti, 
epithelium,  £c.  In  addition  to  these  reagents,  tissues  may  be 
liardened  by  drying  (teuilou),  freezing  (!uug),  or  boiling  (cryB- 
lalline  lens). 

4.  Softening  reagentt. — a.  A'iiric  and. — This  acid  dilute  (1-4 
wnter]  readily  softens  muscle,  caustug  it  to  split  up  iuto  librillic 
or  discs.  0.  Tlydroddoric  acid  (1-20  of  water)  is  useful  for 
extracting  the  earthy  matter  of  hone,  y,  Nitrui  mih  chromtt 
acid. — Nitric,  2  parts ;  chromic,  1  part  ;  water,  100  parts, 
soften  bone  or  tooth.  3.  Ol^oerine,  with  the  addition  of  a 
drops  of  glacial  acetic  acid,  macerates  nerve  and  other  tisaue& 

Stain  I  sa  tbb  Tissites. 

The  art  of  staining  tissues  has  thrown  much  light  ouQistoIog 
by  displaying  structures  which,  without  it,  shew  almost  ui 
of  organisation.     This  depends  ou  the  aMuity  which  t 
ports  of  the  tissues,  and  certain  tissues,   have   for   eoloi 
matter.    The  following  are  the  chief  staining  solutions  : 

1.  Jfagenta. — Thia  is  used  in  the  form  of  an  ulcolialicsolot 
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and  is  readily  obtained  by  employing  the  fluid  sold  in  small 
bottles  by  chemists,  either  dilute  or  not. 

2.  Ammoniacal  solution  of  carmine. — Carmine,  10  grains  ; 
strong  ammonia,  30  minii^is ;  glycerine,  2  ounces ;  distilled 
water,  2  ounces ;  rectified  spirit,  ^  ounce.  Place  the  carmine  in 
a  test  tube,  add  the  ammonia,  boil  for  a  few  seconds,  let  it  stand 
for  an  hour,  add  the  water,  filter,  and  add  the  spirit  and  the 
glycerine.  After  steeping,  remove  the  superfluous  pigment  by 
allowing  the  tissue  to  be  immersed  in  an  aqueous  solution  of 
glycerine,  2  parts  of  glycerine  to  1  part  of  water.  The  pigment 
may  be  fixed  by  placing  the  tissue  in  acid  glycerine  (glycerine, 
1  ounce ;  hydrochloric  acid,  2  drops ;  glacial  acetic  acid,  5  drops). 

Logwood,  —  Pulverise  the  ordinary  extract,  and  add  three 
times  its  bulk  of  alum.  Mix  well  for  twenty  minutes  in  a 
mortar,  first  with  a  small,  and  then  with  a  larger  quantity  of 
water.  This,  when  filtered,  should  present  a'  clear,  dark  violet 
colour.  If  it  be  a  dirty  red,  add  more  alum.  To  one  ounce  of 
this  fluid  two  drachms  of  75  per  cent  alcohol  must  be  added. 
A  few  minutes  will  stain  tissues  with  this  solution  even  when 
previously  hardened  by  alcohol  or  chromic  acid. 

3.  Nitrate  of  silver, — A  solution  of  J  per  cent  in  distilled  water 
is  used  for  demonstrating  the  margins  of  epithelial  cells  in 
lymphatics,  blood  vessels,  or  on  peritoneum.  The  tissue  is 
steeped  in  it  for  two  or  three  minut^,  then  in  very  dilute  acetic 
acid  (1  to  2  per  cent)  for  a  minute  or  two  longer,  then  placed  in 
glycerine  and  exposed  to  the  action  of  the  light 

4.  Chloride  of  gold,  J  per  cent,  solution,  stains  nerve  tubes. 
The  tissue  is  steeped  in  it  for  20  minutes,  and  then  washed  in 
dilute  acetic  acid  (1  to  2  per  cent). 

In  the  manipulation  of  tissues  by  these  various  agents,  it  must 
be  remembered  that  we  frequently  change  their  natural  appear- 
ances. It  would  be  as  absurd  to  suppose  that  a  nerve  tube, 
with  its  solid  central  rod  formed  by  coagulating  fluids,  exists 
in  the  living  body,  as  it  would  be  to  suppose  that  a  hard-boiled 
vgg  resembles  the  developing  ovum. 

Injection  of  the  Tissues. 

The  art  of  making  successful  injections  can  only  be  acquired 
by  long  practice,  and  by  attention  to  many  minute  details, 
which  must  be  taught  during  the  performance  of  the  operation. 
For  this  reason,  only  the  compositions  of  a  few  of  the  principal 


p*  PRACTICAL  mSTOLOCICAL  PHYSIOLOGT.   i 

l«>iirt^  faUi  win  be  sJTtt.  ana  mmm  fcvnal  • 

■m4i.    lajwtioM  mkjr  be  either  apa7«r  o 

Itnacr  bateg  Mqdojeif  wben  tbe  tiaw  isJ 

Ilk»  htt«r,whn  Um  form  erf  the  c 

Hrfm  m  t«  b«  diipfaycd.    Hw  kid  buj  be  drira  iwlo  the 

TitU  cttlicr  bj  «  litaM  ^linge  mtde  for  Ifae  parfxae,  or  MS 

■M*c  dniwlf  hmI  eqndlf  (7  bydnatatic  pifiuiL    Tbe  Iuibmi 

nwUiMi  b  tbc  om  noat  geaicnli/  adopted,  ami  br  H,  with  » 

■fcilful  hauij,  good  rmIU  maj  be  obUiaed  :  the  latta-  haa  bea 

reoHitljr  rerired  hj  ao  elaboTBte  apparatoa  med  I7  I^dwig  in 

which  th«  bjtdrrMtAtic  prtanute  derived  from  the  water-pipea  ^ 

the  la))unt«r7  maj'  he  meaMored  ti j  n 

nieUn.     InjtxrtioDii  abtnild  tie  made  while  the  \nAj  is  f 

after  the  HianjipearMice  at  rigor  mortit.     The  chief  padnts  toll 

etteoiled  to  are ;  1.  That  the  animal,  or  organ,  and  the  ii  ~ 

nimxleii,  ami  lyringe,  ahottlil  he  kept  warm,  at  a  temperata 

aiifficient  to  piamntee  a  free  and  nniform  dow  of  the  fltu 

Slid  2.  tlut  tlie  preoHure  made  should  ba  moderate  i 

aud  mI'iw  and  eqnalile. 

I.  OfUfae  injtctioni. — The  liquid  or  menBtmnm  ia  composed 
of  melt«il  WHS  or  melted  size.  Ordinnrj  sealiug  wax,  diluted 
aorauwhal  with  tiirpentioe,  or,  better  gtiil,  with  oil  of  roeem; 
ian.y  1«  employed.  If  pure  white  wax  be  need,  the  g 
]>aiiii>  muit  lie  takeu  iii  grinding  and  mixing  the  ( 
Hitw  ia  prepared  by  melting  4  oz.  of  the  beat  trajisparent  gliu 
iiiiu  iiiiil  (>f  water,  and  then  adding  to  it  the  colour,  ^ 
iiiiiil  lio  kept  coiMtaDtly  etiired.  The  advantage  of  1 
IlijouliotiH  in,  tliat  wlien  culd,  the  veHsela  remain  fidly  distent 
and  roiiiid,  whilo  sections  of  the  tisitueB  may  be  kept  l 
Tlie  fluent  prt^poratiouj)  of  this  kind  have  been  made  by  the  in- 
JDotom  nf  the  Vienna  school,  ever  since  the  days  of  Lieberkiiha ; 
and  the  present  eminent  professor  of  that  university,  HyrQ, 
coutiuuHi  to  make  the  most  beautiful  inj^tions  in  wax,  after  j 
tlie  method  of  hia  predeceasora.  Size  iujectione,  on  the  otb 
hand, shrink  when  allowed  to  get  dry,  and  hence  tbeymust  alwi 
be  kept  moiat  in  liottlus,  or,  for  microacopic  purpoaeo,  mot 
lu  cliHwd  cells  with  diluted  spirit  The  preparations  madflfl 
Qiipkatt  and  Helt  iu  tliia  manner  have  never  been  si 
beauty.     Tbo  vnrions  colom-a  employed  are  as  follow  ; — 

(I.    VfnniUum. — Tliia  should  bo  carefully  ground  down  O 
■lab  with  oil  ur  water,  and  all  the  coarser  particles  remm 
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lixiviation.  To  secure  snccesa,  the  groimd  paint  should  be  ex- 
amined microKopically,  for  if  the  [HLTtictea  arc  not  much  hiiiUIut 
than  thebloodcorpu«cles,they  will  uotjmas  through  the  capillary 
TcAielH.  S  oz.  of  vennillioa  are  to  be  added  to  I  pint  of  the 
liquid  or  menstruum,  and  kept  constant!]'  stirred  till  used. 

b,  Chromiitt  nf  Uiid. — This  is  obtained  by  disaolviug  200 
grniua  of  amtate  of  lead  and  105  grains  of  bichrooiate  of  potaah 
in  eqiwl  (juantities  of  water,  mi«,  pour  off  the  BupemBtaut 
fluid  (acetate  of  potash),  and  mix  the  chi-omate  of  lead  with 
4  ounces  of  hot  size.  M.  Doyfere'ii  method  is  to  throw  in 
saturated  solutions  of  the  two  ialM,  one  after  the  other,  so  that 
the  formation  of  chromate  of  lead  takes  place  in  the  Teeaels.  It 
has  1jeen  found,  however,  bett«r  to  odd  gelatine  in  the  proportion 
of  4  ounces  iu  8  ounces  o(  water,  to  8  ounces  of  the  saturated 
Boliittoiis  of  each  salt. 

2.  Traiuparetil  ityectunu, — Tho  fluid  or  menstruum  employed 
here  is  a  size  made  of  tnumjuirent  gelatine  or  of  the  composi- 
tions given  bvlow. 

a.  DeaU'i  Pruttian  blot  Jtuiil,  consislA  of  the  following 
partB  :  glycerine,  1  ounce ;  spirits  of  wine,  1  ounce  ;  ferrocy- 
anide  of  potassium,  13  grains  ;  tincture  of  pcrchliiride  of  iron, 

1  drachm  ;  hydrochloric  acid,  6  drop* ;  water,  4  ounces.  Dis- 
solve the  ferrocyanide  of  potassinm  in  1  ounce  of  water,  and 
the  tincture  of  the  perehloride  of  iron  iu  another.  Mix  these 
grudually  iu  a  bottle,  adding  the  iron  to  the  ferrocyanide  of 
jutusaium.  Next  llie  spirit,  the  glycerine,  and  the  rest  of  the 
water,  are  to  be  mixed,  and  the  colourleaa  fluid  thus  obtained 
is  to  be  well  sliakeu  up  with  the  Prussian  blue. 

b.  Tarnbutr*  blut. — Ferricyouido  of  potassium,  10  gmins  ; 
Eulpliate  of  iron,  G  grains  ;  water,  1  ouuce  ;  Price's  glycerine, 

2  ounces ;  alcohol,  1  drachm.  The  iron  ia  dissolved  in  tha 
glycerine  aud  water,  and  the  ferricyauide  of  potssaiuni  and 
alcohol  added. 

e.  BraUt  carmine  JttUiL — Cannine,  5  grains  ;  glycerine  (with 
8or  10  drops  of  hydroditoric  acid),  Jounce;  glycerine,  1  oune«; 
alcohol,  1  drachm  ;  water,  6  drachms  ;  snunanta,  a  few  drops. 
Mix  the  carmine  with  a  little  water,  and  add  &  drops  of  liqwr 
ammonia.  To  this  aild  ^  oz.  of  glycerine,  aud  shake.  Add 
gradually  the  acid  glycerine.  Add  the  alcohol  and  water 
gradually,  shaking  the  bottle  thoroughly. 

d.  CarCer'a  eartaiii*  fluid. — Pur«  carmine,  60  grains ;  liiiuor 
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t.  TUtrtcV*  ftiUwilmiL—DimtiTV  10  ftaU  at  UAmaaUti 
petMh  m  1 10  parU  of  vater.  and  isBke  a  Hlattan  cf  uitntc  rf 
lead  of  tbe  Bine  ttMOgtk  Uix  1  put  of  the  HlntiQa  of  Ucfaro- 
inaU  of  potuli  with  -4  paiia  of  »  coaeentiw 
;;eUtiii,  and  2  p»rta  of  the  ■cjotion  erf  utisle  d  le^ 
4  partA  rif  gelatin.  Mix  these  two  gclatiD  wcbOkmm  at  a 
fienture  of  TS*  to  9u*  F.,  and  aftexvards  beat  the 
fvr  half  an  hour  to  212^,    Tben  filter. 

FKKaxBr^Tio!(  or  tbe  Tissces. 

Uan;  prcMTvatire  adutiona  have  been  us«d,  aod 
tJMues  require  diflere&t  fluid& 

I.  Canada  baUam, — Tliia  anbHtJuice  luc  been  more  need  tlian 
anj  other.     It  u  bcM  jireparcil  \iy  dTyiiig  pure  Canail; 
in  a  porfelain  capeate  in  a  bot-air  chamber,  until  it  becuniM 
quil«   bard,  and  then  disaolTing   the  mam  io   chlMvfonu  or 


5.  Dammar  fiuid. — Gnm  Dammar, )  oance ;  oil  of  turpentine, 
1  ounce ;  dimilTe  aod  61ter.  Thia  is  then  mixed  with  the  fol- 
lowing :  gam  maaliu,  (  oaiic«  ;  chluroform,  2  ounces ;  diasolTa 
and  filter. 

3.  I'oC'iuiwni  aeetale.  —A  saturated  solution  of  this  salt 
beiit  medium  for  preserviug  :ill  timues  which  lukve  been  octcdi 
on  by  onmic  acid. 

4.  aigcerine. — Thia  subitanee,  either  natunJ  or  containing 
or  i  ilrops  of  Iiydrochloric  acid  to  the  ounce,  is  suitable  for  pre>' 
ncrvini;  tinsuea  not  miule  too  transparent  by  it. 

6.  (JlifixrnnejeUg. — Allow  a  certain  quantity  of  gelatin  to  soak 
fur  10  hours  in  cold  water,  when  it  will  be  found  swollen  and 
tw(L  Melt  in  warm  water,  Add  an  equal  amount  of  stroug  gly- 
I'eriue.      This  is  suitable  for  cartilage,  blood  vessels,  kidney,  &c. 

6.  Weak  tpirit  (I  purt  spirit,  3  pails  of  distilled  water)  is  wdl 
suiled  for  musde,  blood  vessels,  &c. 

7.  Naphtha  mid  creotote. — Creosote,  3  drachma ;  wood  uaphtJbi 
6  ounces ;  ilistilled  wuter,  64  ounces ;  chalk,  a  sufficient  quantJI 
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Mix  the  naphtha  aud  creosote  together,  and  add  as  much  chalk 
as  will  make  a  paste.  Add  water  aud  mix  thoroughly.  Add  a 
few  bits  of  camphor,  the  size  of  a  hazel-nut,  and  allow  the  whole 
to  stand  for  two  or  three  weeks.  Pour  off  the  supernatant  fluid 
for  use. 

These  are  the  principal  fluids  in  which  microscopical  prepara- 
tions may  be  preserved.  Cells  for  mounting  and  preserving 
microscopic  preparations  may  be  made  with  Brunswick  black, 
Canada  balsam,  Dammar  varnish,  or  glass.  Those  made  of 
Brunswick  black  are  objectionable,  becaiise  in  course  of  time 
the  material  runs  into  the  cell,  and  the  preparation  is  spoiled. 
Canada  balsam  sometimes  cracks  in  old  preparations,  and  allows 
the  preservative  fluid  to  escape  ;  at  other  times,  it  softens,  and 
the  covering  glass  is  easily  displaced.  On  the  whole,  cells  made 
of  thin  glass  are  the  best  for  all  purposes. 

These,  and  numerous  other  practical  details,  it  is  useless  to 
describe  in  words,  as  they  can  only  be  learned  in  the  laboratory. 

PRACTICAL  EXPERIMENTAL  PHYSIOLOGY. 

This  department  of  Physiology  includes  a  description  of  the 
methods  of  research  followed  and  the  instruments  employed  in 
the  investigation  of  physiological  phenomena.  Of  late  years  it 
has  advanced  with  great  rapidity,  and  has  been  fruitful  in  many 
important  discoveries.  When  taught  practically,  the  student 
should,  as  far  as  possible,  assist  personally  in  the  experiments, 
ac(juire  a  knowledge  of  the  apparatus  employed,  and  learn  how 
to  observe  and  record  results 

Experiments  on  the  Muscular  System. 

As  we  have  seen  (pp.  80,  82),  living  muscle  possesses  two  pro- 
]>erties — contractility  and  electro-motive  power.  The  investiga- 
tion of  these  functions  requires  the  use  of  electrical  and  other 
apparatus,  which  we  shall  now  describe.  To  understand  them, 
it  is  necessary  that  the  student  should,  in  the  first  instance,  be- 
come acquainted  with  the  general  phenomena  of  magnetism  and 
electricity,  as  already  explained  at  pp.  144  and  146. 

Apparatus, 

i.  Batteries, — These  have  already  been  described  at  p.  152. 
DanieFs  battery  is  useful  where  we  wish  to  have  a  current  con- 
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slant  in  quantity.  Bunsen's  is  too  powerful  for  most  physiob- 
gical  experiments.  Grove's  battery  is  powerful  and  oonstinL 
It  is  desirable  to  have  eight  or  ten  small  elements  of  this  descrip- 
tion for  experiments  in  which  we  wish  to  graduate  the  BtrengA 
of  the  current.  Smee's  battery  is  much  used,  because  it  requim 
only  one  fluid,  and  is  easily  manipulated,  but  it  has  the  disul- 
vantage  of  being  inconstant ;  so  that  in  comparative  ezpeiimenti 
it  ought  not  to  be  employed.  It  is  important  in  using  any  of 
these  batteries  to  remember  that  the  zinc  I'equires  frequeotly  to 
be  amalgamated,  a  process  easily  performed  by  rubbing  over  the 
zinc  with  a  little  flannel  or  cotton  wool  dipped  in  mercury  and 
dilute  sulphuric  acid.  If  this  be  not  done,  the  zinc,  wlu€k  it 
usually  contaminated  with  other  metals,  will  not  be  homogene- 
ous, and  numerous  small  galvanic  circles  will  be  formed  between 
these  impurities  and  the  particles  of  zinc,  leading  to  rapid  wast- 
ing of  the  latter.  Where  very  careful  amalgamation  is  required, 
the  following  fluid  is  useful :  Berjofs  amalgafoating  liquid,— 
Dissolve  at  a  gentle  heat,  200  grammes  of  mercury  in  1000  gram- 
mes of  a  mixture  of  I  part  by  weight  of  nitric  acid  and  3  paiti 
of  hydrochloric  acid,  and  then  add  1000  grammes  of  the  Utter. 
2.  />i^  BoiS'Iteymoncrs  electromotor  or  induction  apparatUM.— 
The  production  of  electricity  by  induction  has  been  described 
at  p.  155.  A  side  view  of  the  instrument  is  seen  in  PI.  VTY, 
flg.  1,  and  an  end  view  in  Fig.  2.  It  consists  of  a  primaiy  cml, 
Ri,  of  thick  copper  wire,  insulated  with  silk,  and  of  a  secondary 
coil,  Rj}  consisting  of  numerous  coils  of  fine  copper  wire,  a^l^ft  well 
insulated.  The  centre  of  the  primary  coil,  B^y  contains  a  bundle 
of  thin  iron  wires,  which  are  rendered  magnetic  during  the 
passage  of  the  electrical  current  round  the  primary  coil  sad 
thus  increase  the  amount  and  intensity  of  the  induced  current 
obtained  from  the  secondaiy  coil  (Fig.  2  S).  The  primaiy  coQ 
is  firmly  fixed  ;  but  the  secondary  one  slides  in  a  double  groofv 
in  the  board  B  B,  and  this  board  has  a  hinge  which  allows  OM^ 
half  to  lie  under  the  other,  as  depicted  in  Fig.  1.  When,  howeTer, 
we  wish  to  increase  to  a  greater  extent  the  distance  between 
the  primary  and  secondary  coils,  we  unloose  a  hook,  seen  on 
the  board  under  11^,  and  fold  out  the  board  to  double  tbe 
original  length.  A  scale,  divided  into  centimetres  and  milli* 
metres,  is  i)asted  on  one  side  of  the  upjier  surface  of  the  boaid* 
and  we  can  thus,  in  com|)arative  experiments,  carefully  giadii- 
ate  the  distance  between  the  two  coils.    The  nearer  the  ffyfa 
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are  to  each  other  llie  more  ioleDHe  the  shuck,  aoU  vice  vtr»a. 
The  shock  of  induced  electricitj'  can,  however,  only  be  obtAiDed 
at  the  nionieut  of  opeaing  naA  ut  the  moment  of  closiog  the  prim- 
ary cnrreDt.  This  regular  opening  and  closing  of  the  primary 
circuit  is  effected  by  an  apparatus  placed  at  the  end  of  tlie  iustni- 
meat,  termed  Wagntr  aiid  Neeft  hammtr.  This  appftratns  will 
be  understood  by  referring  to  Plate  XIX.  fig.  2,  Here  we  have 
K  representing  the  battery  from  which  voltaic  electridty  is 
derived.  It  passes  from  the  positive  pole  in  the  direetioD  of 
the  small  arrow  to  the  brass  pillar  a.  Having  run  up  this 
pillar,  it  goes  along  a  steel  spring  seen  over  S,  and  ilh  the  elsa- 
ticity  of  the  spring  keeps  a  small  square  bit  of  platiuum  on  its 
npper  surfai*  ia  apposition  to  the  plutinum  point  of  tlic  screw 
S[  the  cuireut  pusses  into  Si  from  thence  by  a  copper  wire  to 

Sji,  and  from  thence,  as  iudioated  by  the  small  arrow >, 

round  the  wire  of  the  prininry  coil,  R,.  It  now  goes  from  Bj, 
as  indicated  by  the  lower  small  ^rrow,  to  a  small  U-shaped 
piece  of  «oft  iron  surrounded  by  the  wire,  and  thus  cauvcrts 
it  iuto  an  electro-magnet,  which  draws  down  tlie  annaturo 
of  soft  iron  (the  hammer)  on  the  free  end  of  the  sjiriDg, 
and  thus  the  contact  between  the  back  of  the  Litl«r  and  tlie 
screw  point  Si  is  brokeu.  When  this  happens,  the  primary 
current  is  broken  at  S|,  the  electro-magnet  loses  its  magnetism, 
ivleaaes  the  s|)riug,  which  fiies  up  by  ita  elasticity,  and  agaiu 
establishes  the  current.  Thus  by  the  alternate  breaking  and 
forming  of  the  primary  current,  a  secondary  current  is  induced 
in  E„  which  tuts  no  connection  by  wire  with  It,.  It  is  the 
secondai7  current  (Porsdic  electricity}  which  is  used  in  mauy 
physiological  experiroentA, 

Jtd7nAoll/t  modi/ioaxion  of  the  ajrparaliu. — When  a  muscle  or 
nerve  is  irritated  by  an  induced  curreut  from  the  secondary  coil, 
Bj,  it  rei-eives  a  rapid  series  of  shocks,  because  the  hammer  acta 
with  great  rapidity.  If  the  hamiuer  acted  slowly,  so  that  wt 
conld  distinguish  between  the  effect  of  the  opening  shock  and  the 
closing  shock,  it  would  be  found  that  the  effect  is  much  greater 
iu  the  case  of  the  former.  Tlie  reason  of  this  is  that  the  open- 
ing shock  is  more  rapid  in  its  course,  its  velocity  rising  rapidly 
from  lero  to  a  maximom.  If  then  we  can  retatd  the  opening 
shock,  we  may  render  it  equal  to  the  closing  cue.  Tliis 
Helmholtz  has  accomplished  by  an  arrangement  In  which 
he  makes  the  luuiuncr,  when  attruited  by  the  electro-magnet, 
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not  open  the  primary  circuit,  as  in  the  upparntus  jnat  deacrihed, 
but  dose  an  accessory  circuit  bo  iw  to  weaken  the  primary  one. 
The  accessory  circuit  (PL  XIX.  fig.  2)  is  ^  running  from  a  to 
Sm.  Beneath  the  centre  of  the  steel  spring  is  a  middle  pillar, 
baring  in  ita  base  the  binding  screw  x  to  which  a  wire  in  con- 
nection with  the  negative  pole  of  the  battery  in  attached.  Th» 
accessory  circuit,  a  j3  S„i  Su  Ki,  continued  in  the  direction  of 
the  lower  arrow  down  an  electro-magnetic  pillar  to  another 
HtTow  which  leads  to  x,  S,  and  a,  is  closed  when  the  steel 
spring  is  in  contact  with  S.  When  this  is  the  case,  the  primary 
circuit  is  so  weakened  that  the  electro-magnet  los^a  itx  mag^ 
netism,  and  the  spring  flies  up,  the  primary  circuit  being  now 
formc<l  and  the  accessory  broken.  By  this  amngement  the 
veiocitiea  of  llie  two  shocks  are  equal,  and  the  upparatns  is 
better  adapted  for  carefnl  physiological  research. 

3.  Dm  BifU-Re^frmnii   key  {Pkte   XX.  fig.   4).— Wben  1 
wish  to  open  or  close  a  circuit,  we  roay  do  so  either  by  detaehi 
or  fixing  the  wires  by  binding  screws,  or  by  nsing  small  c 
filled  with  clean  mercury,  into  which  the  ends  of  the  wires  d 
This  latter  expedient  is  adopted  in  very  delicate  slimnlatit 
experiment!!.     It  is,  however,  prefenibls  in  most  experunenH 
to  use  the  galvanic  key.      It  consists  of  a  plate  of  rulcanit9 
firmly  attached  to  a  strong  rectangular  vice-pin.    Ou  llie  plat* 
there  are  two  small  thick  pieces  of  brass,  each  beaiing  two 
binding   screws,  h,  c,  placed  at  a  short   distance   from   each 
other.    Theae  can  be  onited  by  raising  or  depressing  the  bniaa 
arm,  d,  which  has  an  ivory  handle,  and  turns  on  a  pivot  attached 
to  the  piece  of  brass,  c.     The  wires  from  the  battery  are  con- 
nected with  the  two  internal  binding  screws,  while  the  two._ 
entemal  ones  connect  those  going  to  the  nerve  or  muscle, 
the  handle  is  pushed  back,  the  key  is  opened,  and  the  ci 
passes  to  the  tissue  to  be  irritated  ;   but  when  the  handle  ll 
giuHhed  forwards  and  the  key  closed,  as  seen  in  the  figure,  t 
current  passee  along  the  thick  arm  of  brass,  back  again  to  ti 
Itattery. 

4.  Pold's   commutator,  gyrolrope,   or  rheotrope   (Plate    '. 
fig.  6).- — This   instrument   is   for  the  purpose  of  inverting  '4 
changing  the  direction  of  a  current  of  electricity.     It  connate^ 
a  round  disc  of  wood  or  vulcanite  having  six  ama 
cupa.  A,  B,  a,  h,  n,  3,  in  it  substance,  iu  connection  with  t 
of  which  there  is  a  binding  aorew.    The  cups  a,  6,  t 
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sLant  connection  with  a  pair  of  brass  wires,  P,  O,  brought  close  to 
each  other  at  S  by  a  piece  of  glass  tubing,  into  which  they  are 
inserted.  These  brass  wires  carry  two  brass  arcs  transversely, 
m,n,o,  and  /?,  y,  r,  having  their  ends  free,  so  that  by  moving  the 
^lass  bridge  S  forwards  or  backwards,  the  ends  may  dip  into 
the  cups  a,  ^,  or  A,  B.  The  apparatus  may  be  used  with  or 
without  the  cross  wires  A,  t,  the  wire  h  being  curved  in  the 
middle  so  as  not  to  touch  t.  (1.)  ^Vithout  the  cross  wires, — The 
wires  from  the  battery  or  key  are  fixed  into  a  and  h.  The  current 
cannot  pass  across  the  bridge  S,  because  the  centre  is  com- 
posed of  glass.  If  now  two  wires  are  in  connection  with 
C',  ^,  and  the  arcs  dip  into  these  cups,  as  shewn  in  the  figure, 
the  current  will  flow  along  those  wires.  If,  on  the  other  hand, 
two  other  wires  are  in  connection  with  the  cups  A,  B,  and  the  ends 
of  the  arcs  are  dipped  into  them,  then  the  current  will  pass  from 
A  to  B.  Thus,  by  simply  turning  the  central  bridge  bearing  the 
arcs,  we  can  send  a  current  either  in  the  direction  of  a,  ft  or 
A,  B,  at  pleasure.  (2.)  With  the  cross  wires. — Suppose,  now,  the 
wires  A,  t,  are  inserted  so  that  the  wire  i  connects  the  cups  a,  B, 
and  the  wire  A,  /S  and  A,  a  different  use  is  made  of  the  instru- 
ment. If  the  current,  for  example,  entered  at+a,  it  would 
follow  the  direction  a,  P,  r,  a,  j3,  n,  0,  and  back  to  the  battery 
by — b.  If  now  we  reverse  the  bridge,  the  direction  will  be  a, 
P,  7,  A,  along  the  cross  bar  A  to  ft  a,  from  thence  along  the  cross 
bar  i  to  m,  o  and  —  6,  and  from  thence  back  to  the  battery.  By 
this  last  arrangement,  the  current  has  passed  along  the  circuit 
1)etween  a  and  ^  in  such  directions  that  it  can  be  sent  up  or 
<lown  a  nerve  at  the  will  of  the  experimenter.  The  course  of 
the  current,  however,  in  these  cases,  can  only  be  clearly  under- 
stood by  a  study  of  the  instrument  itself. 

5.  Muscle  telegraph  (Plate  XIX.  fig  7).— This  is  an  appar- 
atus very  useful  in  experiments  on  both  muscle  and  nerve,  and 
it  consists  of  the  following  parts :  A  brass  forceps.  A,  at  the  end 
of  an  arm  capable  of  sliding  up  and  down  on  an  upright  round 
jnllar  of  brass.  This  is  for  holding  the  femur  of  a  frog's  leg 
which  has  the  gastrocnemius  muscle  attached  to  it.  The  screw 
S,  permits  the  forceps  A,  to  be  rotated  in  any  direction,  and 
fixed  securely  in  any  position.  Into  the  tendon  of  the  gastroc- 
nemius a  small  hook  A  is  inserted,  to  which  is  attached  a  fine 
thread  passing  round  a  pulley  jo,  and  then  downwards  along  a 
to  a  little  balancing  bucket  6,  containing  a  few  shot.     On  the 
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same  pulley  we  have  a  long  arm,  bearing  at  its  free  end  a  round 
coloured  disc  of  mica,  which  moves  in  front  of  a  piece  of  white 
plate  in  the  direction  of  the  arrow.  By  the  contraction  of  the 
muscle,  the  signal  is  pulled  up  to  a  greater  or  less  extent, 
and  thus  the  effect  of  irritation  on  it  may  be  seen  by  many 
observers  at  once.  If  the  muscle  is  to  be  stimulated  by  the 
direct  application  of  a  current,  the  wire  from  the  positive  pole 
is  a  attached  by  the  bending  screw  S,  and  that  in  connecdoii 
with  the  negative,  Xy  is  wound  tightly  round  the  hook  fixed  in 
the  tendo  AchiUis,  The  upright  bearing  the  pulley  and  diic, 
is  fixed  in  a  wooden  socket  which  can  move  in  either  diiection 
in  a  groove,  and  is  retained  in  its  position  by  a  strong  screw,  Z. 
6.  Du  BoiS'ReymoncTs  polarizaUe  electrodes  (PL  XIX.  fig.  6). 
— This  apparatus  is  designed  for  the  purpose  of  stimulating 
a  nerve  in  any  situation.  It  consists  of  a,  a  strong  wooden 
stand  bearing  a  round  piece  of  vulcanite  by  in  which  we  have 
two  small  binding  screws.  In  connection  with  this  we  have  i 
long  arm,  having  in  its  centre  a  universal  joint  which  can  be 
tightened  in  any  position  by  the  screw  c.  This  bears  the  essentiil 
part  of  the  apparatus,  which  consists  of  two  triangular  platinnm 
points  or  plates,  e,  each  soldered  to  a  thick  wire  passing  thiongfa 
a  square  block  of  ivory.  This  block  has  two  small  screws  on 
its  upper  surface,  which  are  for  the  purpose  of  adjusting  the 
distance  of  the  platinum  points  from  each  other.  Underneath 
the  ivory  block  and  electrodes  we  have  a  glass  plate  for  insul- 
ating the  wires.  When  the  instrument  is  used,  the  nerv^e  is  laid 
across  the  two  electrodes,  and  the  portion  of  nerve  on  and 
between  them  is  thus  stimulated. 

Experiments  on  Contractility, 

The  property  of  contractility  can  be  readily  demonstrated  br 
shewing  that  a  piece  of  living  muscle,  or  a  whole  muscle  con- 
tracts when  irritated.  The  irritiition  may  be  mechanical,  mdi 
as  by  a  blow,  or  a  pinch ;  chemical,  as  by  the  action  of  a  solutioD 
of  common  salt ;  electrical,  on  applying  electricity  ;  or  vitaL  on 
stimulating  a  nerve.  The  truth  of  the  Halleriau  doctrine  of 
contractility,  namely,  that  it  is  inherent  in  muscular  tissue,  and 
not  dependent  on  nerve  may  be  demonstrated  by  two  experi- 
ments. 

1.  John  ReicTs  experiment, — Eemove  the  sciatic  nerve  fixxm  the 
leg  of  a  living  frog,  and  irritate  the  muscles  by  an  induced  cor* 


EXPERIMENTS  ON  COS'TRACTILITY. 


S3I 


rent  of  electxicity.  At  first  tliere  is  violent  Bpaiia  or  tetonuH, 
\>ut  after  Jiome  lime  the  niDades  cease  to  reapoud  to  the  stimulus. 
Thus  the  contractility  has  been  eibausteil.  Bui  allow  the  frog 
to  live  for  six.eigbt,  or  twelve  hours,  am!  it  will  bo  found,  on 
agnin  applying  the  stimulus,  that  the  coutractility  has  returned, 
whili)  sensibility  has  not 

2.  Bmantt  Woorara  experiment,  at  ikeum  by  Du  Boil- 
Btj/mond.* — This  requires  the  following  apparatus  ;  2  .muscle 
telegraphs,  I  at  Da  Bois-iteymond'a  polarisable  electrodes,  a 
Folil'a  commutator,  without  the  transverse  bars,  a  key,  an 
induction  ftpparatus,  and  a  Smee's  or  Daniel's  element. 

Mode  of  preparing  the  frog. — The  frog  is  chosen  for  many 
of  these  eiperimeuts  because  it  is  easily  manipulated,  and 
the  muscles  and  nerves  can  be  quickly  isolated.  Firat,  decapi- 
tate the  animal,  or  cut  through  the  mcdvUa  with  a  sharp  pair  of 
scissors,  to  destroy  sensation,  then  holding  it  in  the  left  hand  by 
the  legs  or  lower  part  of  the  body,  turn  the  animal  round,  and 
cut  the  body  through  about  the  middle  of  the  abdomen.  Then 
aieze  hold  of  tlie  hack  bone  with  the  fingers  and  thnmh  ol  the 
left  hand,  and  with  the  forefinger  and  thumb  nf  the  right 
hand,  quickly  drag  off  the  akin  of  the  legs.  Then  various 
preparations  may  be  made  according  to  tho  nature  of  the  oipe* 
rimeut.  The  limbs  may  be  used  without  further  dissection,  or 
the  sciatic  nerve  may  be  dtsiwcte'd  out  (Plate  XIX.  fig.  3  6], 
or  the  guatrocnemius  muscle,  with  or  without  the  sciatic  nerve, 
may  be  isolated.  In  the  esperiueut  about  to  be  described  the 
sciatic  nerve  is  first  dissected  out  This  iseaaily  done  by  preanng 
the  muBcles  of  the  thigh  forwards  with  the  thumb  and  fore- 
finger of  the  left  hand,  when  the  nerve  usually  starts  into  view, 
Tlieu  with  a  pair  of  blunt-pointed  scissors,  separate  the  nerve 
from  the  surrounding  tissues,  taking  great  care  not  to  injure 
or  even  touch  it.  Cut  through  a  small  branch  which  rana 
downwards  and  inwards  a  little  above  the  middle  of  the 
thigh.  Trace  the  nerve  as  high  up  aa  poaaible,  so  as  to  have 
it  of  considerable  length,  cut  it,  and  with  a  blunt  quill  or  an 
ivory  {loiat  turn  it  down  upon  the  gaatrDcnemiaa  in  order 
to  keep  it  moist.  Theu  remove  the  muscles  of  the  thigh,  except 
the  attachment  of  the  gastrocnemius,  aud  snip  through  the  femur 
just  below  its  head.     Now  cut  through  the  tenda  AchiUit,  and 
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pull  the  gastrocnemius  upwards  to  the  knee.  Then  ampotste 
the  leg  below  the  knee,  and  you  have  a  preparation  ciHuistiiig 
of  a  femur  having  the  gastrocnemius  attached  to  its  lower  end, 
together  with  the  uninjured  sciatic  nerve.  A  hole  -in  the 
gastrocnemius  tendon  should  now  be  made  for  the  steel  hook 
of  the  muscle  telegraph. 

Wowara  solution, — Dissolve  5  grains  of  woorara  in  a  little 
weak  spirit,  rubbing  it  up  in  a  small  mortar,  and  then  add  5 
drops  of  glycerine  and  three  drachms  of  distilled  "water.  Each 
minim  contains  about  the  l-38th  part  of  a  grain,  and  nsoslly  6 
minims,  or  about  the  l-6th  part  of  a  grain  is  a  sufficient  dose  for 
the  experiment. 

The  experiment  consists  in  first  putting  a  ligatnre  on  the 
femoral  artery  in  one  of  the  limbs  of  a  frog,  or  tying  a  tight 
cord  round  the  upper  part  of  the  limb,  so  as  to  prevent  the 
poison  entering  it ;  then  with  a 
eyringe  having  a   fine  nozzle  we 
inject,  under  the  skin  of  the  back, 
six  minims  of  the  above  solution, 
and  allow  the  animal  to  come  tho- 
roughly under  its  influence.      It 
should  take  about  half-an-hour  to 
completely  prostrate  the  animal,  so 
that  it  rests  on  its  belly  unable  to 
move.    Care  must  also  be  taken 
not  to  inject  too  strong  a  dose  of 
the  woorara.     Two  dissections  are 

now  made  in  the  manner  already  described.  In  the  one  the  sciatic 
nerve  has  been  poisoned  by  woorara,  and  in  the  other,  it  is  quite 
healthy.  Each  limb  so  prepared  is  now  attached  to  a  mosde 
telegraph  (see  Fig.  rf),  a  pair  of  brass  forceps  being  placed  midwar 
between  the  two  telegraphs,  so  as  to  hold  the  two  femurs  (a)  and 
the  two  nerves  (e)  are  laid  across  the  platinum  points  of  Du  Bob- 
Reymond's  electrodes  (/).  These  electrodes  are  connected  by 
wires  (g)  with  two  of  the  cups  of  Pohl*s  commutator  by  binding 
screws,  and  from  the  other  two  cups,  wires  (h)  proceetl  to^  and 
are  wound  round,  the  hook  fixed  into  the  tendo  AchiUU  of  eadi 
muscle  (c).  The  two  cups  of  the  commutator,  into  which  the 
wires  bearing  the  arcs  are  j)ermanently  fixed  are  connected  with 
two  outer  binding  screws  of  a  key  placed  at  u    From  the  two 
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inner  binding  ecrewg,  nir«s  (t)  proceed  to  the  MCODtlnry  coil  of  an 
induction  apparatus  (i),  while  the  primary  coil  is  placed  in  the  cir- 
cuit of  a  DoDiersorSmee'abatterj.coQsisting  of  one  cell.  By  thia 
iirraugeiueiit  of  apparatus,  the  commutator  euablea  ux  to  reverse 
the  electric  current  bo  as  to  irritate  the  two  uerveti  or  the  two 
muBclesat  pleasure.  If  successful,  the  result  will  be  that  when 
both  nervei  are  irritateit,  only  one  muscle  cuutracta  aJi<I  elevates 
the  disc  of  a  telegraph,  namely,  tbe  one  mipplied  by  tlie  nerve 
uot  poisoneil  by  wuorara ;  whereas,  if  the  current  be  sent  through 
the  miutia,  both  contract,  aud  the  two  discs  are  elevated.  Thus, 
although  tbe  nerve  has  been  poiuoned  by  woorara,  the  con- 
tractility of  the  muscle  reniaiuB,  a  fact  which  demonstrates  the 
truth  of  the  Bajlerian  doctrine  tha.t  it  is  a  property  inherent  in 
muscle,  capable  of  being  excited  by  any  direct  stimulus,  and  not 
dependeut  on  the  nervoue  s^'ateni- 

KaUiker'a  expaimmt. — A  reverse'  experiment  to  the  one  just 
deecribed  is  made  by  destroying  the  contractility  without  afiect- 
iug  thu  motor  uervea  by  mettns  of  wrtAtria.  The  eipcriment  is 
conducted  in  the  name  manner,  and  it  will  be  found  that  when 
both  neri-a  or  both  mutdrt  are  irritated,  one  muscle  contracts, 
namely,  the  one  which  luu  not  been  poisoned. 

KxperimenU  wi  tie  evolution  of  dtcCrkiiy  6y  mmeit*. 

All  muscles  evolve  a  constant  stream  of  electricity  (p.  62), 
passing  from  any  uatnral  or  artificiitl  lougitadinal  section  to  any 
transverse  section  {p.  166).  In  order  to  demonstrate  this  im- 
portant fact,  the  follawiog  ^paratua  is  necessary  ; 

(1.)  A  multiplyijif/  galeaiumtfUr  (see  p,  149). — This  instrnmcut 
is  represented  in  Plate  XIX.  fig  4.  It  consists  of  an  astatic 
«umbinatioD  of  two  ma^jnetic  nemlles  (p.  149),  the  lower  of 
which  is  surrounded  by  a  ceil  of  Hoe  oop|>er  wire.  When  even 
a  feeble  current  of  electricity  is  passed  through  this  wire,  a 
deflection  of  the  needle  is  obtained.  The  instrument  must  be 
carefully  arranged,  the  needles  rendered  perfectly  astatic  so  aia 
to  point  from  east  to  west,  and  tlie  whole  le*'clled  by  means  of 
three  screws  supporting  a  brass  disc  (a)  :  on  the  surface  and  in 
the  ceulre  of  tlie  disc  is  a  brass  boK  {b),  on  (lie  tup  of  which  ia 
fastened  a  boxwoiHl  frame  (C)  supporting  the  coils  of  wire.  This 
brtiss  box  can  be  made  to  revolve  by  means  of  a  screw  (g),  which 
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acts  as  a  fine  adjustment,  and  enables  us  to  place  the  coOs  d 
wire  in  any  direction  we  please.  The  disc  (a)  is  nsaally  gradu- 
ated into  l-lOtbs  of  a  degree.  The  two  pillars  {hh)  support  • 
horizontal  bar,  having  suspended  from  its  centre,  by  a  singW 
fibre  of  spun  silk,  the  astatic  combination  of  needles,  whidi 
are  usually  kept  steady  from  vibrations  by  a  small  magnet 
placed  on  a  line  with  the  direction  of  the  coils  of  wire.  On  the 
top  of  the  wooden  frame  (C)  we  have  a  circular  scale  of  white 
paper  divided  into  parts  of  90%  which  is  so  arranged  that  aero  ii 
also  parallel  with  the  direction  of  the  coils  of  wire.  The  instm- 
ment  is  protected  from  dust  and  currents  of  air  by  means  of  a 
cylindrical  glass  cover.  It  must  be  securely  fixed  carefuUj 
levelled,  and  made  free  from  vibration. 

(2.)  A  pair  of  Du  Bois-ReymofuTa  non-polartzahle  electrodes 
(See  Pkte  XIX.  fig.  6.)— They  consist  of  shallow  troughs  of 
zinc,  carefully  amalgamated  on  the  inner  surface.    In  connectioii 
with  each  trough  there  is  a  brass  pillar  (c)  supporting  two  bind- 
ing screws.     The  trough  is  placed  upon  a  piece  of  vulcanite 
which  acts  as  an   insulator.     Into  each   trough    we   place  a 
saturated  solution  of  sulphate  of  zinc.    We  must  now  prepare 
two  cushions  of  Swedish  filter-paper  as  follows  :  Fold  a  sheet 
so  as  to  make  a  bundle  or  cusliion  about  half  an  inch  thicL 
Place  it  in  the  trough  so  that  one  surface  rests  everywhere  in 
close  contact  with  its  bottom,  bend  one  side  over,  as  shewn  in 
Fig.  5,  by  and  with  a  sharp  razor  cut  the  cushion  so  as  to  make  a 
perpendicular  surface.    The  cushions  being  thoroughly  satuiated 
with  the  sulphate  of  zinc  solution  would  exercise  an  irritant 
action  on  the  muscle,  if  laid  u])on  them,  and  wouM  cause  it  to 
contract.    This  is  avoided  by  makiug  two  thin  films  or  pLites 
of  sculptor's  clay  moistened  with  saliva.     One  is  place<i  on  the 
surface  and  perpendicular  section  of  cacli  cushion,  as  seen  in 
Plate  XIX.  fig.  5  (g).    Strips  of  bladder  well  soaked  in  white 
of  egg  may  also  be  used  for  this  purpose. 

(3.)  Arrangement  of  apparatus. — ^The  two  troughs,  prepared  as 
already  described,  are  placed  opposite  to  each  other,  at  a  distance 
of  about  a  quarter  of  an  inch.  A  thin  wire  is  conveyed 
from  each  trough  to  the  two  innermost  binding  screws  of  a 
key.  From  the  two  outer  bindiug  screws,  wires  pass  either 
directly  to  the  galvanometer  or  to  a  special  apparatus  tcnned 
the  co^nmutator.  This  is  a  mahogany  box,  having  inside  a  coil 
of  wire  to  increase  the  resistance  to  the  electrical  current,  and  a 
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series  of  braas  plntes  and  movable  coatact  levers  connected  with 
eack  other,  bo  that  the  muscular  curreut  paaaiiig  through  it  can 
he  dimiuiiihed  or  inverted  at  will 

III  order  to  prove  that  the  apparatus  does  not  itself  pro- 
duce any  electric  curreut,  the  two  troughs  should  be  connected 
with  each  other  bj  a  little  oblong  pad  of  blotting  paper  wet 
with  the  solution  of  zinc  sulphat*.  The  key  is  now  opened,  and 
if  the  apparatus  be  in  order,  the  needle  ia  unaffected.  Any 
long  muscle  of  a  frog  can  be  dissected  out,  the  gastrocnemius 
is  best,  and  a  clean  transverse  section  made  with  a  pair  of 
sharp  st-iBKirs.  The  ]>iece  of  muscle  thus  prepared,  is  now 
Inid  upou  the  plates  of  moist  clay  on  the  cushions  in  the 
troughs,  so  that  its  transverse  section  is  placed  accurat«ly 
against  the  one  cushion,  and  its  longitudinal  section  against 
tlie  other.  The  key  is  now  opened,  and  a  deflection  of 
the  galvanometer  needle  at  once  indicates  the  presence  of  a 
current  of  electricity,  and  the  direction  in  which  one  pole  of  the 
needle  Is  deflected  shews  the  direction  of  the  current.  The  kpy 
->  is  now  closed,  and  when  the  needle,  after  oscillating,  stops  at 
KKro,  the  position  of  the  piece  of  muscle  should  be  reveracd,and  the 
tey  opened,  when  it  will  then  be  found  that  the  needle  will  be 
dt^fleoted  in  the  opposite  direction  to  that  of  the  first  experiment. 
The  experiment  may  be  modified  by  pIaciDgaCniiMiV««  section, 
or  a  loQgitudiuuJ  seotiun,  against  each  cushion,  when  there  will 
be  no  or  tittle  effect  on  the  needle.  For  this  purpose,  and  for 
ascertainiug  the  various  electrical  duditions  of  points  of  the 
surface  of  the  muscle,  there  are  many  suliaidiary  contriranees, 
termed  tupporting  plaUt,  rheopkorie  iuht»,  &c.,  a  knowledge  of 
the  use  of  which  is  best  acquired  by  ptaclioe. 

It  having  thuB  been  clearly  shewu  tlmt  a  piece  of  liring 
muscle  evolvGH  a  current  of  electricity,  it  may  next  be  demon- 
strated that  when  the  muscle  is  thrown  into  a  state  of  contrac- 
tiou,  this  property  is  dimiuislied.  For  that  purpose  it  is 
necemary  that  the  muscle  have  attached  to  it  the  uninjured 
sciatic  nerve.  It  should  then  be  adjusted  on  the  two  cushions, 
as  previously  described,  while  the  nerve  is  laid  gently  on  the 
platinum  electrodes,  which  arc  iu  counectioo  with  an  active 
induction  coil,  a  key  intervening.  Deflectiou  of  the  needle  by 
the  muscular  current  is  now  allowed  to  take  pUce,  and  then  to 
come  to  rest  On  opening  the  key  between  the  battery  and  the 
pUlinnm  electrodes,  tile  muscle  on  the  cushions  is  at  once 
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thrown  into  a  state  of  contraction  through  the  irritation  of  the 
nerve,  and  the  needle  of  the  galvanometer  will  be  seen  retuni- 
iug  towards  zero.  Thus  it  is  proved  that  the  iDtenait  j  of  Hut 
electro-motive  power  is  opposed  to  that  of  active  contractilitj. 
(See  p.  168.) 

Numerous  other  structures,  both  animal  and  vegetable,  socfa 
as  skin,  intestine,  stems,  leaves,  bark,  &c.,  may  be  examined 
with  the  view  of  ascertainiug  the  presence  or  absence  of  a  cnr- 
rent  of  electricity. 

Dn  BoU'Rej/raon<r$  experiment  to  shew  t/te  presence  of  a  niw- 
cular  current  in  the  living  human  body, — This  will  be  understood 
by  referring  to  Plate  XIX.  fig.  10,  where  an  individual  is  re- 
presented grasping  a  roller,  c,  attached  to  two  wooden  supports 
firmly  screwed  to  the  table,  so  that  the  forefinger  of  carh 
hand  is  immersed  in,  and  touches  the  bottom  of,  the  trough  h. 
If  the  muscles  of  both  arms  are  relaxed,  there  is  no  effect 
on  the  needle  of  the  galvanometer  a,  but  if  the  muscles  of  one  of 
the  arms  are  contracted  by  firmly  grasping  the  roller  in  manr 
individuals  we  see  a  feeble  deflection  of  the  needle.  Among  the 
numerous  students  attending  the  practical  physiology  claas  dur- 
ing each  session,  a  very  few  are  found  capable  of  causing  thii 
deflection,  and  we  have  observed  that  a  large  proportion  of  the 
successful  individuals  are  of  what  is  usmiUy  described  as  the 
sanguine  tempeniment,  having  often  red  hair. 

Experiments  on  the  effects  of  muscular  irritatiofu 

This  investigation,  which  is  of  great  importance  therapenti- 
cally,  should  be  conducted  in  the  following  manner  : 

(1.)  Effect  of  a  continuous  current  (p.  82). — The  hind  leg  of  a 
frog  is  held  by  a  pair  of  strong  brass  forceps,  sliding  on  a  round 
pillar  of  brass  which  is  fixed  into  a  solid  wooden  stiind.    Such  a 
pair  of  forceps  may  Ik?  seen  on  the  left  side  of  fig.  7,  Plate  XIX.  A. 
The  limb  so  fixed  is  to  hang  (iovra  loosely,  the  knee  being  flexed. 
Two  wires  from  a  Daniel's  or  Smee*s  element  are  attached  to  the 
inner  binding  screws  of  a  key.     Wires  are  also  conducted  from 
the  two  outer  binding  screws,  one  l>eiug  fixed  by  the  screw  S 
(Plate  XIX.  fig.  7),  while  the  other  is  attached  to  the  frog's  foot 
It  will  now  be  found  that  the  muscles  of  the  limb  contract  <m 
opening  and  on  closing  the  key,  but  there  is  no  contraction  whik 
the  key  is  open,  that  is  during  the  passage  of  the  contiiiuoiif 
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current.  A  contiiiuoua  current,  however,  effects  eleotrulytic 
ch&ng«8  in  the  muscle. 

(2.)  Effect  of  an  inUrmpttd  etirrm/.— By  the  same  anwige- 
luent  of  apparatus,  it  nitty  be  aliuwu  that  lui  interrupted  cuiTent 
ati[Qii]ntc«  tlie  muscle  on  the  opcQing  auil  clt»!iiig  of  the  key, 
auU  U  this  lie  (loue  bo  rapidly  that  the  muadeg  hiive  not  time  to 
become  relaxed  before  they  receive  a  fj'CBh  shock,  a  canstaDt 
8tat«  of  rigidity  or  teliiniu  is  occa»ioo«d. 

(3.)  Effvcl  of  an  indacad  or  Faraiiio  eurrent. — When  ui 
induction  apparatus  is  employed  for  stimulatiug  the  moBcle^ 
the  latter  at  once  becomes  tetanic,  even  although  the  some 
galvanic  element  is  used  to  produce  tlie  induced  current,  as  was 
employed  in  the  two  previous  csperimenta.  This  shuvcs  that 
au  induced  current  irritates  much  more  strongly  than  either  a. 
continuous  or  an  interrupted  current. 

Production  of  tetania.  —  Tetanus  is  a  state  of  permanent 
muscular  contraction.  It  niay  be  studied  by  the  following 
illustrative  eiperimenU ; 

(1.)  7}y  medmnical  viohiux. — KiU  a  frog  by  violently  striking 
ita  head  ugaiust  the  table.  It  will  usually  be  found  that 
for  some  niinotea  aftw  death,  the  body  becomes  I'igid  from 
the  tetauii'  cuuditiun  »{ the  muscles. 

(3.)  Bg  an  indiKtd  current. — As  has  been  above  described, 
t«tauu8  is  produced  by  an  induced  or  Farudia  current. 

(3.)  Hy  tiUint  totaiiont. — Prepare  the  liwbof  a  frog  iu  the  usual 
way,  and  expose  the  sciatic  nerve,  Place  tlie  limb  on  a  glaaa 
plate,  and  allow  a  drop  of  a  Strang  saline  solution  to  fall  u{ion 
the  nerve.  In  a  few  minutes  the  muscles  become  tetanic  from 
the  irritant  action  of  the  saline  aolutiuu  on  the  nerve. 

(4.)  By  ii'afin^*  apparatut,  coiuisting  of  a  pair  of  vertical 
forceps  fixed  over  a  circular  gUas  plate,  the  irritant  action  of 
many  ditferunt  acid,  alkaline,  ajid  saline  substances  can  be 
examined.  The  muscle  prepnratien  is  fixed  in  the  force|«,  so 
that  cither  it  or  the  nerve  are -aiupeuded  over  the  glass  plate. 
The  latter  may  be  elevated  or  depreued  by  a  screw  pbued 
underneath  it,  ao  tliat  the  irritant  solutioui  the  effect  of  which 
is  to  be  cxnmiued,  may  be  brought  into  ouulact  with  the 
eixtremjt;  of  the  muscle  or  nerve. 

(5.)  Bg  Jleideiihain't  fatan urn rfor.— Another  very  ingenious 
mode  uf  producing  tetanus  is  elTected  by  the  use  of  an  apiwratua 
termed  Utidenham't  hammer  or  (rfanwneter.    The  use  of  tJits 
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instmmeDt  ia  to  beat  the  oerre  BopplTiug  a  muade  or  linilr 
with  great  rapidity,  and  thtia,  liy  Irequent  mechanical  irrita- 
tiona,  produce  tetauna.  It  is  abewii  iu  Plate  XIX.  fig.  9,  bdiI 
conaiBta  essentially  of  a  modificatioD  of  Neefa  hammer,  almd; 
described  iu  connectioD  with  the  indnction  coil  (p.  537).  The 
apparatOB  rests  upon  ti  Tvlcanite  plate,  K,  sapporting  a  bran 
coIuniD,  a,  which  carries  the  lerer  L,  in  the  middle  of 
which  is  the  nrmaturc  of  the  electro-magnet  (near  L).  This 
lever  turns  upon  an  axis  at  a,  nnd  may  be  relaxed  or  tightened 
by  ttiming  the  screw  8,  which  acts  npou  a  spiral  wir«  above 
it,  marked  with  a  smaller  s.  The  pillar  C  eupports,  on  a 
horizontal  arm,  the  screw  S,,  the  point  of  which  rests  on  a 
small  piece  of  pktinnm  on  the  upper  surface  ol  the  lever. 
It  is  at  this  point  the  current  ia  broken,  and  thns  the 
hammer  caused  to  vibmte.  In  the  base  of  0  we  have  a 
screw^  8^,  which  secnres  the  wire  coming  fiom  tbe  positive 
pole  of  a  galvanic  element,  while  the  screw  Z  receives  the 
wire  in  connection  with  the  negative  pole.  When  used  in  the 
preBent  enperiment,  the  screw  S.  is  sttaehed,  by  a  piece  of 
copper  wire,  with  the  screw  S..  The  hammer,  properly  ao 
called,  is  seen  at  h.  It  is  made  of  ivory,  and  beneath  it 
there  is  an  ivory  support,  f,  which  receives  the  nen-e  in  the 
groove  A'.  Behind  the  ivory  support  there  is  a  small  ivory 
axle.  A,  fixed  between  two  brass  notches,  aud  caused  to 
move  slowly  by  the  pressure  of  the  spring  ^p.  By  means  of 
the  screw  S",  the  whole  of  this  part  of  the  apparatus  may  be 
elevaUtd  or  depressed  at  pleasnre.  When  the  sciatic  nerve 
of  a  limb  (which  is  placed  on  a  glasa-Hiipport,  or  held  by  a,  pair 
of  forceps  before  the  apparatus)  is  placed  in  the  ivory  groove, 
and  rapidly  beaten  by  tlie  ivory  hammer,  which  is  worked  by 
the  electro-magnet,  the  mnscle  becomes  at  once  tetanic.  The 
nerve  is  usaaily  rapidly  beaten  through,  and  then  it  ia  neces- 
sary, in  order  to  repeat  the  experiment,  to  attach  its  end  by  n 
fine  silk  thread  to  the  ivory  axle,  and  by  turning  the  latter, 
to  drag  through  a  fresh  piece  of  nerve.  The  only  difficulty 
in  using  tliis  apparatus  is,  that  the  different  parts  must  be  so 
adjusted  with  refereuce  to  each  other  tliat  the  nerve  be  beaten 
with  a  proper  amount  of  force  and  rapidity. 

(6.)   Bi/  Poggm%dorff'»  vrked,  —  Another  mode  of  producing 
tetanus  by  an  bterrupted  current  is  by  means  of  an  iuatrom 
termed  Poggeiidorff't  wAtal,     This  inatrameut  conaista  o 
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woodea  (line  or  vheel  having  twenty  or  more  spacea  cut  out 
of  its  circumference,  which  are  occupied  by  pieces  of  braaa, 
alternating  with  pieces  of  ivorjr.  The  pieces  of  bnM  ore  con- 
iiuclcd  ahonintely  with  ewdi  half  of  the  axle,  the  two  halves 
being  insulated  fmiu  each  other  iii  the  centre  of  the  wheel  by 
au  iuterveuiug  pioou  of  vulcanite  or  glass.  Two  etiff  brtiss 
BpriugH,  having  screws  at  their  biwce,  are  caused  to  press  firmly 
against  the  nuirgiu  of  the  wheel,  so  that  while  the  wheel  is 
being  rotat«d,  the  flattened  ends  of  the  apriogs  touch  alter- 
nately the  pieces  of  ivory  and  the  pieces  of  brass.  The  bind- 
ing screws  in  couDection  with  the  spriugs  receive  wires  coming 
from  a  galvanic  element,  while  there  ore  two  others  on  Uie 
su|]|iorU  of  the  aile  from  which  wires  may  be  conducted  Ui 
a  muscle.  When  the  cnnnecliunH  have  been  thus  made,  and 
the  wheel  rotated  slowly,  the  muscle  contracts  and  relaxes 
alleruat«1y,  but  when  turned  quickly,  it  becomes  tetanic. 

(7.)  Jtitltr't  Ittaniu. — It  may  also  be  demonstrated  that  if  a 
continuous  current  of  electricity  be  allowed  to  traveiae  a  nerve 
attached  to  a  limb  in  the  upward  direction,  that  is  ceutri- 
petally,  for  two  hours  (the  nerve  being  kept  moist  and  warm), 
and  the  current  be  then  suddenly  interrupted  by  moving  the 
electrode  imrt  the  free  Mid  of  the  nerve,  the  muscles  become 
snddeuly  t«t»)iic.    This  Iim  been  termed  the  Irfanu*  of  litCter. 

(8.)  Ily  tiri/chnine. — TetADua  may  also  be  produced  by  poison- 
ing a  frog  with  a  solution  nf  sti^ehuiue.  This  poison,  injected 
liy[>odenuically,  iucrvaseB  the  refle«  action  of  the  spinal  cord,  so 
tluit  the  slightest  irritation  at  once  throws  the  nnimol  into  a 
state  of  tetannsi. 

Efect»  of  the  opaniitg  and  doting  indwtioa  itiock  on  a  ttiuw^ 
(See  p.  62.) — This  mny  be  studied  accurately  with  the  aid  of  an 
instrument  termed  I'fUiger't  failing  apparatui  ut  trip-/utm>iur, 
A  view  of  this  instrument  is  seen  in  Plate  XIX.  tig.  8.  On  tk 
plnte  of  vulcanit«,  E,  there  is  a  brass  plate,  having  tw» 
uprights,  d  d,  between  which  we  liave  the  steel  axle  of  the 
luuuuere.  This  hammer  consists  oi  a  long  rectangular  hauiUc,  a', 
and  of  a  large  steel  head,  t.  Ou  th«  left  side  of  the  latter  we 
have  n  suiolt  steel  rod,  nt,  jxiinting  downwards,  and  tipjicd  with 
platinum.  Above  the  hammer  head.lhereisauolectro-maguet.  A, 
placed  between  tlio  two  sujiporta  d  d,  which  nyiy  he  filed  at  any 
height  by  the  screws  n  n.  When  this  electro-magnet  is  called 
into  action  by  a  Smee's  element,  the  head  uf  the  hanuucr  U 
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supported  as  seeu  in  the  figure.     If,  however,  the  galTuic 
circuit  be  opened,  the  hammer  head  falls  and  Rtrikea  agaiui 
the  end  of  the  lever  P  at  q^  forcing  it  down  wards,  and  thu 
breaking  the  contact  of  the  other  end  of  the  lever  with  the  scxeir- 
point  r.    At  the  same  moment,  the  platinum  point  m  falls  into 
the  conical  steel  trough  X,  which  coutaius  i^^ercuiy.     By  this 
arrangement  the  instrument  may  be  introduced  into  two  gil- 
vauic  circuits,  and  the  moment  tlie  hammer  head  falls,  the  ooe 
circuit  is  closed  and  the  other  opened.     The   connections  ire 
made,  for  the  first  circuit,  by  wires  attached  by  the  acrewa  canci 
yjy  and  for  the  other  by  wires  attached  to  the  screws  t  and  i. 
Suppose  the  hammer  head  to  be  in  the  position  represented  in 
the  figure,  and  a  muscle  ])reparation  interpolated  into  each  cir- 
cuit.    Allow  the  hammer  head  to  fall,  aud  the  point  m  to  dip 
into  the  mercury  in  X,  and  the  muscle  in  the  circuit  II,  pasBUig 
in  the  direction  c,  d,  h,  i,  w,  j*,  y,  will  receive  the  dosing  ahoc^ 
while  that  in  the  circuit,  marked  I,  ^,  P,  r,  w,  will  receive  the 
opening  one,  because  the  circuit  is  broken    hy  the   foiviUe 
separation  of  the  lever  P  f i-om  the  screw  r.     Thus  the  action  ef 
the  two  shocks  may  be  compared.    At  Z,  underneath  the  handle 
of  the  hammer  there  is  a  spring  catch  which  receives  it  when 
the  hammer  falls,  holds  it  securely,  and  thus  prevents  vibration. 
IPKendn'cl'^s  apparatus  for  measuring  tetanus, — This  enables 
us  to  calculate  with  readiness  the  number  of  distinct  gal^Tinie 
shocks  necessary  to  produce  tettinus.     It  consists  of  a  series  of 
wheels  so  arranged  that  if  one  of  them  make  a  revolution  in  i 
minute,  the  next  will  i)erform  twelve  revolutions  in  the  same 
space  of  time,  the  third,  1 44  revolut  ions,  and  so  on.    Each  of  these 
wheels  carries  on  a  ])ruloiiged  axle  one  or  more  smidl  wheels  of 
brass,  having  portions  of  the  circumference  cut  out  at  equal  dis- 
tances, and  small  })ieces  of  ivory  int«r}K)lated.     A  steel  spring  is 
caused  to  ])ress  against  the  circumference  of  one  of  the  wheeli 
while  it  revolves,  and  an  electric  current  passing  thn>ugh  the 
instrument  is  oi)oned  each  time  the  spring   passes  from  the 
brass  to  the  ivory,  and  closed  when  it  ^Kisses  from  the  ivcwv 
to  the   brass.     The  time  occupied  by  the  revolutiou    of  the 
first  wheel  is  calculat^'d  by  causing  it  to  operate  on  a  spring 
in  connection  with  a  small  bell,  so  that  tlie  bell  rings  at  the 
end  of  a  revolution.     Knowing  the  time  occupied  by  the  first 
wheel,  we  also  know  the  second  revolves  twelve  times  aa  fast, 
and  the  third  144  times,  and  so  on.     By  means  of  this 


» 


EXPERIMENTS  ON  NERVE. 


S4I 


ment,  electric  ihocks  cnn  be  tniDBmitt«d  va  i  mnscle  or  qerve, 
varying  in  rapidity  from  1 2  to  3tKM.l  a  minule.  The  iuterval  be- 
twecu  tlie  Hho«ka  may  also  be  aalculatei  1  to  the  1 000th  uf  a  ininute. 
Experimentt  on  mU4cular  fatigue. — The  only  satiafactory  way 
of  etudyiug  the  gradual  fatigae  of  muacle,  wbeu  stimul&ied  to 
do  a.  certaiu  amount  uf  work,  ia  to  obUim  a  tracing  on  a  cylinder, 
or  plate  of  glnsa,  by  lueaiia  of  an  iDatrumeut  called  a  mym/ra- 
p/iioH,  or  muacle- writer  {//-vai',  a.  niiiadi:  j  yiapai,  I  writs). 
Various  myographions  have  been  coDatmctod  for  this  purpoM, 
but  the  most  couveutent  ia  tlint  uf  PflUgur,  abewn  ou  Plate  XX. 
fig.  Ti.  It  coneiata  of  n,  lolid  wooden  stand,  S,  into  which  is  fixed 
ft  strung  braas  upright,  F,  can'yiug  upon  it  a  moveable  forceps, 
Z.  Into  the  forcej)a  the  end  of  a  f  rug'n  femur  is  securuly  fixed, 
the  g.istrocnemiua  muscle  beiu^;  uttacbeil  to  it,  and  hanging 
ilowiiwarda.  Into  the  tendo  Achiliii  a  auiall  houk  la  iuaerted, 
which  supports  by  ita  other  end  the  lever  apparatus  d  b.  This 
lever  ii  a  double  framework,  which  moves  freely  on  an  azle  at 
the  top  of  the  support  a.  At  oue  end  of  the  lever  there  ia  an 
apparatus  bearing  a  atylette,  wliidi  ia  emjiloyed  for  making 
tracings  on  a  plate  of  smoked  ghu8,  P,  moving  in  a  frame,  B, 
or  atill  better,  a  tracing  may  be  obtained  on  a  revolving  cylin- 
der. Underneath  the  lever  there  is  a  balance,  g,  attached  by  a 
email  hook,  /,  to  a  swivel  apparatus,  c.  Into  this  balance  a 
weight  is  placed  sufficient  to  overcome  the  contractioii  of  the 
raiiide,  and  the  Fonseiiuent  elevation  of  the  lever,  when  the 
stimuUtion  is  removed.  In  order  to  keep  the  muacle  and  nerve 
nlive  for  a  considerable  time,  a  square  glass  case  may  be  placed 
over  it,  as  abewu  in  the  figure,  coutoiuing  moist  blotting  papen 
By  ni^aus  of  this  apparatus  many  interesting  experiment*  may 
he  made,  such  as  the  tracing  of  a  musi'le  stimulated  by  the 
opening  aud  cloning  of  a  continuous  current,  the  cSevi  of  the 
opt-uing  and  cliMiing  of  an  induced  current,  and  the  effect  of  mus- 
cular futigue  from  lung-continued  stimulntioii  applied  directly 
to  the  muacle  or  to  the  nerve  supplying  it. 

ExPBIUltEItTS  OS  NeHVE. 

The  nerve  current  ia  demonstrated  in  exactly  the  rame  man- 
ner Its  the  mascular  current  (p,  b'Xi).  To  increase  its  amount, 
the  nerve  should  be  doubled,  and  both  transverse  atvtiuus  pUceil 
in  aiiiMiaitioa  to  the  cushion  (pp.  UT  and  IffU). 

Eftct*  ofdtetrkity  on  a  nervt. — It  ia  easily  demonstrated  tliHt 
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if  a  current  of  electricity  pass  through  a  motor  nerve,  it  irritate 
it,  aud  causes  contraction  of  the  muscle  or  muscles  supplied 
by  it.  It  must  not  be  supposed  that  the  electricitj  is  conTeysd 
along  the  nerve  to  the  muscle  ;  it  only  stimulates  the  former, 
and  calls  into  action  the  nerve  force  which  causes  the  latter  to 
contract.  It  has  been  found,  however,  that  the  preeeDoe  and 
amount  of  the  contraction  depends  partly  on  the  stiength  and 
partly  on  the  direction  of  the  current.  This  has  already  beea 
explained  theoretically  (pp.  169,  176). 

Bj:periments  on  PJluger^s  law  of  contraction. 

To  graduate  the  strength  of  the  stimulation-current^  wa  re- 
quire ten  or  twelve  small  Grove's  cells,  the  zinc  surface  of  each 
being  about  2^  square  inches ;  aud  also  a  special  iostnmwst 
termed  a  rheocord. 

T/ie  rheocord, — A  view  of  this  insti-ument  is  seen  in  Plate 
XIX.  fig.  11.  It  is  for  the  purpose  of  enabling  us  to  send  a  CD^ 
rent  of  definite  strength  through  a  nerve  or  muscle,  and  to  varr 
this  strength  at  pleasure.  When  a  rheocord  is  introduced  into 
a  galvanic  circuit,  the  current  divides  itself  into  two,  the  one  of 
which  we  can  transmit  to  the  nerve,  while  the  other  retnrae 
directly  to  the  battery.  We  have  thus  a  nerve  circuit  and  a 
battery  circuit,  and  if  we  interpose  resistance  in  the  latter  cir- 
cuit, more  electricity  will  pass  through  the  former.  The  rheo- 
cord consists  of  a  long  wooden  box.  Along  one  side  of  thii 
box  there  are  two  tluck  platinum  wires,  Sj  Wj,  and  S  W,  con- 
nected at  S  aud  Si  by  screws  with  the  two  brass  plates  S,  with 
1  and  S  with  P.  At  tf  (j  they  pass  over  a  piece  of  ivory  to  the 
screws  W  and  Wj.  At  one  end,  on  the  top  of  the  box,  there  are 
six  brass  plates,  1,  2,  3,  4,  5,  and  6,  each  of  which  is  separated 
from  the  other  by  an  interval,  which  may  be  readily  filled  up  by 
a  thick  ivory-headed  brass  stopper.  Along  the  surface  of  tlM 
box,  and  under  the  platinum  wires,  there  is  a  piece  of  brasa,  Z, 
cap<able  of  sliding  backwanls  or  forwards,  and  having  on  its 
surftice  two  hollow  cyliudci's,  A,  made  of  polished  steel  and  filled 
with  mercury.  These  cylinders  are  j)ierced  by  the  platinum 
wires,  and  the  ends  directed  towards  Wi  and  W  are  tightly 
corked.  This  brass  slide,  therefore,  forms  a  bridge  between  the 
two  platinum  wires,  which  are  nowhere  else  connected  by  a 
conducting  substance.  The  current  cannot  pass  from  S  to  S| 
except  by  going  to  the  nearer  cylinder  in  the  direction  of  Um 
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ow  — — >,  imd  from  the  other  cjlUider  to  S,,  ua  itidicAited 

Ly  the  arrow  < .     It  is,  therefore,  evident  that  the  ttinount 

of  reaistAnce  offered  by  the  plntimiiu  wires  to  tho  passage  of  a 
curreut  of  electricity  may  be  modified  by  puaLing  baokwarda 
r  forwards  the  brass  slide.  In  proportioa  as  it  ia  pushed 
towarils  W,,  W,  the  reaiatauce  evidently  beuomes  greater. 
Aloug  the  side  of  the  platinum  wires  there  is  a  gradnatetl  soda 
divided  into  millimetres,  wbkh  may  be  umJ  in  comparative 
3X|>erimeDta.  In  order  still  farther  to  moilify  tbe  resiatonm  ul 
pleasure,  there  are  on  tbe  under  surface  of  tbe  cover  of  the  bos, 
X  cooDeetion  with  the  brass  plates  1,  2,  3,  4,  S,  6,  ft  Beries  of 
rires  of  rienooii  silver,  which  ore  represented  in  fig.  1 1  by  dotted 
Inee,  auil  wliich,  after  going  up  anil  down  to  the  box,  pass  from 
lie  one  bnuw  pkte  to  the  other.  Wlien  all  the  steppers  are 
placed  between  the  hxajm  plates,  the  German  silver  wires  are 
not  in  the  battery  circuit.  If,  however,  we  remove  the  stopper 
between  5  and  B,  tbe  wire  connecting  &  and  6  (bracketted  at 
tbe  other  end  nf  the  figure,  and  marked  X)  is  brouf^ht  inte  the 
battery  circuit,  and  thus  the  amount  of  resistAoce  is  increased. 
The  same  holds  gooil  with  regard  to  the  other  stoppers.  In 
connection  with  the  brass  ptntes  S  tind  6  there  is  a  short  brass 
npriglit,  each  Iwaring  two  binding  screws,  P  nod  Q.  The  wires 
from  the  batteryaa  are  connected  with  the  lower  bindingscrewK, 
while  tlinse  going  to  the  nerve  6  b  itre  attached  to  the  upper. 

M<ide  of  dfmmtttrtiting  Pfliltftf't  a-perimeat. — The  liuib  of  a 
frog,  having  been  prepared  by  dissecting  out  the  sciatic  nerve, 
without  injury,  is  fixed  in  a  pair  of  braas  forceps.  The  nerve 
ia  then  streteheil  over  two  copper  or  einc  wires,  carefully  insu- 
bite<l,  and  jfrovided  witli  connectors,  by  which  they  are  attached 
to  two  of  tbe  cups  in  a  Fobl's  commutator,  tbe  cross  bars  being 
.present  for  the  purpose  prcvioualy  described,  that  of  enabling 
us  to  transmit  a  current  upwards  or  downwards  in  a  nerve  at 
pleasure.  Two  wires  are  led  from  the  commutiter  l«  tbe  upper 
■crews  on  the  rlieocoixl.  The  lower  screws  of  tbe  rheocord 
receive  wires  from  the  battery,  and  a  key  ia  introduced  into  the 
circuit,  by  means  of  which  we  can  open  or  close  it  ut  pleasure. 
The  connections  having  been  thus  made,  we  endeavour  in  the 
first  place  to  stimuLite  the  nerve  by  as  w«ak  a  current  na  pos- 
sible. This  is  effected  by  using  one  Bmall  flrove'a  cell  and  hav- 
ing all  tbe  brass  steppers  of  the  rheocord  in  their  placee.  By 
this  MT&agement  there  is  almost  no  resistance  in  the  battery 
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circuit,  and  consequently  a  neak  cuireot  is  tranamitted  to  tba 
nerve.  By  menus  of  the  commutator,  &1so,  we  are  enabled  to 
trausmit  the  current  along  the  nerve  either  iu  aji  npward  or 
downward  direction,  wid  the  result  is  tu  be  observed  on  opening 
aud  closing  the  key.  The  strength  of  the  current  is  now  tn  be 
increased  b;  using  two  or  perhaps  tliree  of  Grove's  cells,  nnd  bf 
removing  one  or  two  of  the  brass  pegs  in  the  rbeocord.  On  open- 
ing and  closing  the  key,[Lndbymoving  the  commutator,  we  now 
observe  the  effect  of  a  medium  current  transmitted  upwards  or 
downwards  along  the  nerve-  The  effect  of  a  strong  current  is 
shewn  by  using  five,  six,  or  eight  of  Grove's  cells,  and  by 
i-emoving  all  the  pegs  in  the  rbeocord,  By  carefully  graduat- 
ing the  strength  of  tbe  current,  and  operating  upon  at  leaat  \\ 
inch  of  healtliy  nerve,  the  resnlta  described  at  page  172  may  ' 
uauully  be  obtained  ;  but  occasionally,  from  the  fact  that  the 
nerve  is  irritable  in  frogs  which  have  been  long  kept  in  con- 
finement, it  is  difficult  to  obtain  contractions  in  the  order 
described  by  Piliiger  and  others. 

I'fiayti'i  txperifneiU  to  gfteto  that  the  nerve  force  aecumulattt 
iaUiuiC^y  fu  if  advaticet. — This  remarkable  fact  may  be  demon- 
atrated  by  stimulating  a  nerve  close  to  the  muscle,  or  at  a 
short  distance  from  it,  when  it  will  be  found  that  a  current 
too  weak  to  cause  contraction  of  the  muscles  when  sent  tu 
a  point  close  to  the  muscle,  will  cause  jwwerful  contraction 
when  transmitted  to  a  point  at  a  distance  from  the  maacle  {p. 
175).  To  succeed  with  this  esperiment,  it  is  necessary  to  na»aj 
large  frog  bo  as  to  obtain  a  long  nerve.  This  n 
across  two  pairs  of  wires,  the  wires  in  each  pair  being  [ 
close  together,  and  each  pair  being  also  separated  b^  a 
of  about  an  inclL  The  wires  are  placed  in  connectiim  i 
a  Pohl's  commutator,  to  wliiub  also  are  attached  wires  from  I) 
secohdary  coil  of  an  induction  machine,  a  key  being  ii 
in  the  battery  circuit.  ~We  are  thus  enabled  to  transmit  the 
current  either  near  to,  or  at  a  distance  from,  the  muscle ;  and  by 
diminishing  or  increasing  the  distance  between  the  primary  and 
secondary  coil  of  the  induction  machine,  we  can  graduate  the 
strength  of  the  current.  The  best  method  of  mak  ing  the  experi- 
ment is,  in  the  first  instance,  to  remove  the  secondary  from  the 
primary  coil  to  snob  a  distance  that  no  effect  is  produced  whui 
I  stimulated  oi 


luscle.  Having  then  phxced  the  ci 


o  that  the  ci 
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wit)  be  tranamitted  along  the  wires  to  the  portion  iienr  to  the 
muscle,  the  key  ia  o[>eiie<l,  aud  the  secondary  coil  ia  grudually 
approximated  to  rtie  primary,  until  a  very  feehlc,  nlmost  imper- 
ceptible, contrautioa  is  produced.  On  now  moving  the  c( 
tator  80  as  to  transmit  the  current  to  the  portion 
diatiuiee  from  the  muscle,  n  very  powerful  contraction  at  once 
takes  place,  clearly  demonstrating  that  the  same  amount  of 
Etimulue  pi-oduces  a  greater  effect  when  applied  to  a 
distance  from,  than  when  applied  near  to,  the  muscle. 

Rrperiment  to  drtermiiu  the  rapidity  of  tie  tient  current. 

Thia  prohlem,  which  has  received  the  attention  of  i 
physiologiata,  hna  now  been  Batiafactorily  solved  by  the  labonn 
of  Helmholtz  aud  I)u  Bois-Beymond.  The  necessary  instru- 
ment is  termed  a  myographum,  of  which  there  are  aevenJ  v; 
ties,  but  the  one  generally  used  is  that  employed  by  the  two 
diatingniBhed  phyBiologista  Juat  mentioned.  A.8ectional  view 
of  this  inatnunent  is  seen,  Plate  XV.  fig.  1,  and  the  arrange- 
ment of  the  appumtua  for  the  experiment,  will  be  understood 
by  referring  to  the  diagrammatic  sketch  in  Plate  XX,  fig.  3, 

Mods  of  caiculaUag  time  by  tracings  on  a  revolving  cylinder. — 
Before  deacribiog  the  Myographion,  the  student  mnst  nnder- 
atand  this  important  method,  wbich  ia  applied  to  many  ex- 
periments iu  practical  physiology.  Suppose  a  cylinder,  worked 
by  clockwork,  or  even  steam  power,  makes  one  revolution  in  a 
minute,  and  its  surface  is  divided  into  sixty  equal  parts  by  sixty 
vertical  lines  at  equal  distances  from  each  other,  the  distance 
between  two  linea  evidently  represents  in  time  one  aeoond.  By 
measuring  the  circnmfcrence  of  any  cylinder,  and  by  observing 
the  time  occupied  by  one  revolution,  we  can  thus  calculate  tlio 
time  represented  by  the  distance  between  any  two-  points  iu 
the  circumference.  This  principle,  which  we  owe  to  Th. 
Young,  W)7,  i»  taken  advantage  of  in  the  myogmphion.  It  is 
neceaaary  that  nil  revolving  cylindera  go  smoollily,  aud  at  u 
uniform  rate.  This  is  attained  by  a  fly-wheel,  or  a  centrifugal 
apparatua  attached  to  it. 

Deteription  of  the  Myographion. — The  myographigji,  although 
a  very  Qomplicnted  instmment,  consists  easentiaily  of  three  parts : 
1st,  arrangements  for  holding  a  muscle  haviug  the  sciatic  nerr« 
attached,  the  latter  being  connected  with  electrodes  ;  Zd,  clock- 
work for  moving  a  revoU-ing  cyliuder  with  a  certain  meuured 
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BBMWfftio*  vftli « tenr  jqiynitw,  /  L    Tkii  levtr,  the 
«<  whkli  ia  on  tke  top  ol  the  |bIU|'  P,  b  bOMoed  hi£M 

nd  haa  *t  ha 
arm,  O,  iMwiog  tlw  atjlette  P.  TIub  atrletta  ia  uH'u^fc  A* 
qflJDder  B,  aod  H  u  cridoat,  on  «-w»iT.miii|.  tfae  plate,  tlut  iC  tte- 
miuclc  oontrkct,  it  will  derate  tlie  l«ver,  and  tLe  stjletta  P 
will  uak«  s  nurk  iipon  tbe  cjUoder.  At  tli«  top  of  tL«  figaiv 
will  be  M«n  .rariaiu  oontriTanou  fdf  ooeonUelj  adjoatug  tka 
oiiuclc  with  rdereuce  to  lh«  l«ver.  Tlie  atnng  bt*w  ptDar  E 
■iifiporiN  %  Bqiure  gtsiu  cluuaber,  in  which  the  moacle  is  placed. 
Mid  iu  which  it  cui  lie  kept  living  and  moist  for  bcvmbI  hooni, 
\f}  \Aaisiwi  un  the  iuuer  surface  of  the  gUai  a.  few  biu  ol 
fnper  dipped  tu  warm  wnter.  The  floor  of  thiacliamberk 
uf  vuitanittf,  aud  in  perforated  b^  a  hole  betweeu  r  and  r, 
to  piTiuit  the  [uuwage  tluwiiwards  of  tbe  iron  wire  k, 
the  tendo  ^cAiiUu,  willi  the  lever.  When  tbe  appaiatua  isbei^ 
uw>d,  in  nrcjcr  ha  mur-h  as  possible  to  exclude  aiT,  and  keep 
tha  miucle  moJHl,  tlie  hole  in  tlie  vulcanite  floor  is  almoet  cIoMd 
bjr  two  KcmicircnUr  pieces  of  glass,  f  r,  having  a  small  excav»- 
tiou  on  tlie  atraighl  Iwrder  of  eiacti,  so  that,  when  in  appowtioB, 
only  a  amtilt  ruuud  up«uiug  is  left.  The  brass  forceps  ma;  be 
elevated  or  depremed  hy  aioviDg  them  upwards  or  dowcwai^ 
iu  the  Nucket  nmrkod  e.  This  sot^ket  has  a  universal  moven 
in  the  air-tigbt  box  t,  «,  ■/,  find  may  itself  be  regulated  by 
Ncrewa  A  and  e.  Into  the  bottom  uf  the  moist  chamber  we  hai 
usually  four  double  binding  screws,  three  of  which 
Fig.  I,  marked  S,  S,  8,  and  S',  8',  8'.  These  are  for  the  purpose 
of  attaching  wiroa  to  the  muade  within  the  moist  chamber. 

(2.)  Thit  motive  power  of  the  clock-work  is  a  heavy  weight 
attachwl  to  a  «troag  <!ord,  a,  wound  round  a  drum,  and  which 
pasMea  over  a  pulloy.  The  eituatiou  of  the  clock-work  ia  seeu 
at  A,  aud  un  ita  surface  there  is  a  small  dial,  b,  so  regulated, 
tliat  wlwii  the  maehiaory  ia  in  c 
degree  for  evury  ten  revolulions 
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(3.)  Tlic  moat  ini])ortant  pnrt  of  the  ttpparatoB  is  the  Kmngfi- 
nient  for  stimulating  the  nerve  eiactly  nt  the  momaDt  when 
the  i^linder  hns  r«a(<he<l  u  certain  dcfiuite  Telocity.  That 
velocity  is  usually  fifteen  [cvolutiona  in  thu  aecond.  This  part 
of  the  apparatus  will  be  bent  nniltMVtowl  by  referring  to  Piute 
XX.  fig.  3,  while  at  the  same  time  further  attention  is  given 
to  Fig.  I.  UnJerueath  the  lever,  and  securely  fixed  to  the 
stand  D  D  of  the  inetruueiit,  there  are  two  brass  nprighls, 
Fig.  1,  (,  and  Fig.  Z,ty  each  bearing  a  rectangular  arm,  and  each 
having  a  biixliug  screw.  The  two  arms  come  into  close  Appoai- 
tion  with  each  other  at  Fig.  3,  g,  but  do  not  touch,  the  con- 
nection between  thpm  being  established  by  a  strong  steel  spring 
attached  to  one  of  them.  This  bridge<like  part  of  the  appa- 
ratus ia  iutroduced  iut«  the  li&tlvry  circuit,  wliich  also  include* 
the  primary  coil  of  an  induction  appAralus.  This  will  be 
undenilood  by  referring  to  Fig.  3,  where  we  lee  I  the  battery, 
ni  the  primary  coij  uf  the  induction  machine,  k  and  i  Uie  piets 
of  the  bridge,  and  ^  the  steel  sjiring  establishing  B  connection 
between  Ihetn.  It  i«  evident,  therefore,  that  wheu  thu  steel 
spring  completes  the  bridge,  the  galvanic  current  from  I  will 
piUB  to  iR,  thence  to  it,  thence  along  the  bridge  g,  and  from 
thence  by  the  wire  i  b.-ick  to  the  battery  I,  But  if  the  hridgo  g 
lie  broken  hy  the  elevation  of  the  apriug,  it  is  also  evident  that, 
in  accordance  with  the  principles  of  induced  or  Faradic  elec- 
tricity, at  tliat  moment  a  secoudarj  current  will  be  induced  in 
II,  the  secondary  coil,  which  Mcondory  current  is  employed  iu 
elimuUting  the  nerve. 

The  next  part  of  the  mechaniBiii  is  that  by  which  this  is  ao- 
complished  exactly  when  the  cylinder  attains  a  velocity  of  fifteen 
revulutious  in  the  tecond,  It  is  done  by  means  of  a  rect- 
angular arm  of  brass  marked  iu  Fig.  1  Wn,  aud  in  Fig.  3  by  A, 
bearing  nt  the  end  fartheet  from  tfae  cylinder,  and  immediatety 
nndenimth  the  «pring,  a  quadrant  or  arc  of  brass.  Wheu 
this  anil  ia  pushed  to  the  left  side,  it  will  be  fouud  that  the 
quadrant  moves  through  a  di«tauce  of  a  quarter  of  a  circle  and 
elevates  the  steel  spring.  It  is,  therefore,  necesaary  that  tile  anu 
!«  pushed  over  at  the  proper  moment,  mi  ait  to  break  the  primary 
circuit.  For  this  purpose,  there  la  an  ingenious  appUoation  of 
the  principle  of  centrifugal  force.  Underneath  the  cylinder  B, 
but  on  the  some  steel  oxia,  L  L,  llicre  is  a  round  braas  box,  C 


ZA%  PRACTICAL  EXPE/;iMESTAL  PHYSIOLOGY.  1 

This  boi,  therefore,  revolves  with  the  aaine  mpidity  ha  the 
cylinder,  and  any  two  points  on  the  surface  of  the  cylinder  and 
box  will  always  be  in.  the  Bamo  vertical  line.  On  removing 
it,  and  looking  into  its  interior,  wo  see  two  bra^s  weights,  « 
and  c,  hsi  represented  in  Plate  XX.  fig.  S,  one  of  which,  «,  \& 
inmiovably  fixed  in  its  position,  while  the  ulher,  c,  ia  loose,  Imt 
in  connection  with  a  ateel  spring,  d,  which  keeps  it  in  its  plaec 
Connected  with  the  weight  c  there  is  a  curvevl  steel  spring  or 
catch,  b,  having  at  the  end  of  it  a  hook,  which  is  fixeil  into  a 
notch  on  a  piece  of  steel,  a,  bevelled  at  the  point.  This  piece 
of  steel,  a,  we  may  term  the  "out-springer,"  because,  if  not 
restrained  by  the  steel  spring  6,  it  would  t«nd  to  dart  outwards 

in  the  direction  of  the  arrow  < ,  the  motive  i>ower  lieiug  the  ' 

wire  spring  coiled  round  tlie  end  next  li.  When,  however, 
the  box  isrotatedby  the  ninchiuery,  the  weight  c  being  movaUe, 
tends,  by  centrifngal  force,  to  pass  outwards  towards  the  cir- 
cumference of  the  box,  in  the  direction  of  the  dotted  lines  .." , 
and  when  it  reaches  the  side  of  the  box,  wliich  only  takes  pbtce 
when  the  latter  is  making  fifteen  revolutions  in  the  second, 
the  spring  h  has  been  so  altered  in  position  that  its  catch  is 
removed  from  the  out'Springer  a.  This  latter  being  Ihua  re- 
leased, darts  out,  and  strikes  against  tbe  end  of  the  lectAngulM- 
arm  already  described,  pushes  it  to  one  side,  and  thus  breaks 
the  bridge  by  elevating  the'  steel  spring  g.  Fig.  3.  When  this 
occurs,  us  already  explained,  there  is  an  induced  current  tu  U19  _ 
secondary  coil  n,  Fig.  3,  which  is  transmitted  to  the  nerve. 

There  is  still  another  part  of  the  instrument  to  be  deecriiri 
that  by  means  of  which  the  stylette  ia  applied  to  the  cylind 
at  the  proper  time.  It  is  evident  that  it  must  not  be  allo^ 
always  to  be  iu  contact  with  the  cylinder,  because  it  would,i| 
the  first  place,  by  friction,  interfere  with  its  velocity ;  and,  % 
the  second,  a  number  of  indistinct  marks  would  be  prodoc 
on  it,  which  wonld  injure  the  proper  tracing  desired.  This  is 
avoided  by  keeping  the  stylette  within  a  short  distitnce  of, 
but  not  touching,  the  cylinder  until  the  moment  of  time  (the 
fraction  of  a  second),  inimediatdy  afier,  the  out-springer  baa 
come  out  of  the  brass  box.    The  arrangement  for  doing  thin 

consists  of  a  bar  of  brass  having  the  shape   . '    (Plate 

XX.  Gg.  1,  v'  and  v,),  placed  above  the  brass  box,  and  to  the 
right  of  the  common  axle,  L  L,  of  tbe  cylinder  and  tbe  t 
having  the  one  end  bent  at  right  angles  upwards,  and  the  01 
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dowunanls,  o"  antJ  i-..  TliiB  piece  of  brasi  v'  v,  moves  on  lut 
axle  r  r*.  The  inghl  hand  extremity  of  v,  r,  aupjiorLa  h  lever 
uhov«  it,  J  moviDg  on  a.  fulcruni,  r  r  to  the  end  of  which,  p, 
there  will  be  seen  a  very  fine  thrcnd  pa^itig  Uowuwardu  to  # 
the  mid  of  a  bilance,  T.  To  the  other  end  of  thid  balance,  a  nhort 
rod  t«rtuiuatiug  at  f  (near  the  baoe  of  the  pillar  F),  has  xtbicheJ 
to  it  another  thread  which  ascesda  to  i',  and  there  passing  over 
u  amnll  pullej,  goe«  onworda  to  be  inserted  into  the  end  of 
the  stylette  P.  When,  therefore,  the  lever  is  supporlud  by  llio 
piece  of  brsaa  v'  v,  the  threftd  is  kept  tense,  and  thna  tbp 
stylette  is  prevented  from  touchtJig  the  cyliuder,  aud  the  rect- 
angiilnr  arm  in  ou  a  higher  level  Utan  the  end  of  the  out-springer. 
(See  Fig.  l,f  aud  «f.) 

But  if  we  now  examine  the  figure,  we  shall  see  near  the  axle 
bearing  the  boi  and  cyliuder,  a  small  triaii^lnr  projection,  j8. 
This  is  the  other  end  of  the  out-spriugur  (Fig.  1),  anda(F'ig. !), 
projecting  Ihroagh  an  openiog  in  the  lid  of  the  centrifugal  boi. 
When,  therefore,  tlie  Dut^pringer  teaiw  out,  tlie  end  next  the 
axle  j3  first  cornea  agaioat  the  piece  of  braaa  1/  and  v,  knocks 
it  from  under  the  lever  B ,  BO  that  the  thread  ia  retiixtKl,  and  the 
Btyielte  cornea  into  contact  with  the  cjlinJer.  Not  only  so,  but 
the  BaiUD  relaxation  of  the  thread  allows  the  rectangular  arm 
to  fall  down  vertically  to  a  level  with  P  the  end  of  tbo  out- 
springer.  This  occurs  immediately  after  the  out-t>priuger  haa 
paased  the  end  of  the  arm,  so  that  when  another  tvvolutiou  ia 
madp,  it  strikea  against  the  end  of  the  latter,  aud  thtu  hrcnka 
tlie  bridge  in  the  primary  circuit,  by  elevating  the  ateel  spring 
at  If  in  the  manner  already  de»cribrd  (Fig.  3). 

Mo(U  of  mating  (A*  eiperiment. — Uaving  now  cxpluiued  the 
mechanism  of  the  instrument,  we  rouat  next  describe  the  ar- 
raugenients  for  the  eiperiniout,  with  the  aid  of  the  <liagnuu. 
Fig.  3.  Here  we  have  a  muwUe,  b,  attached  lo  a  ft^rn^, 
which  is  held  securely  by  the  forceps  a  r.  lu  couuectiuu  with 
the  muscle,  we  have  the  nerve  o  atretidied  on  two  paira  of 
wires  at  a  certain  distance  from  each  other,  say  two  inches. 
The  problem  is  to  find  the  length  of  time  the  nervc-curreot 
occupies  in  passing  from  g  ta  r.  The  Imdo  AdiSlu  is  at- 
tached by  a  hook  to  the  lever  r,  bearing  a  styletUi  preasiug 
a  uyliuder,  which  is  carefully  smoked  in  tlie  flame  of  a  turpen- 
tine lamp.  On  the  a-une  axle,  and  underneath  the  cylinder,  ia 
1  box  /.    Tbe  priiuaty  circuit  is  now  completed 
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as  fuUows  :  A  wii-e  is  cai-ried  from  tlio  positive  pc'le  h  of»the 
battery,  I  to  m,  the  primary  coil  of  an  iniluction  tmichine. 
Frum  thence  it  passes  U>  k,  une  of  the  piers  of  the  liridge, 
thence  along  the  bridge,  traversing  the  steel  spring  g,  ~ 
from  thence  aloDg  the  vire  i,  biick  again  to  the  battery  i. 
secondary  coil  of  the  inilnctioo  niuehine  is  now  connected 
Pohl'B  commutator  at  n*,  n",  from  which  two  wires  near  o, 
pass  to  the  portion  of  iierve  at  q,  at  a  distance  from  the  muscle, 
while  those  near^,  3, 4,  pass  Co  r,  close  to  the  tnascle.  By  moving 
the  commutator  we  can  thua  transmit  the  indacetl  cnrrenl  from 
the  secondary  coil  either  to  the  portion  of  nerve  at  q  or  at  r.  The 
arrangements  having  thus  b«en  made,  the  commutator  ia  placed 
BO  na  to  send  the  current  first  to  a  portion  of  nerve  at  a  distance 
from  the  muscle,  as  shewn  in  Fig.  3  at  q.  The  clock-worlc  ia 
now  set  in  motion  ;  and  when  the  cylinder  has  acquired  a  velo- 
city of  fifteen  revoliitious  iu  the  second,  a  sliarp  click  is  heard, 
caused  by  tlie  out-springer  striking  away  the  rectangular  ann, 
and  the  muscle  «t  that  moment  contracts.  We  now  reverse 
the  commutator,  so  as  to  stimulate  the  nerve  near  tho  muscle 
(Fig.  3,  r),  and  we  arrange  the  myographion  for  another  tracing. 
This  is  done  by  geutly  pushing  in  the  out-springer  by  a  littia 
button  seen  on  the  aide  of  the  brass  box,  elevating  the 
and  introducing  beneath  it  the  piece  of  brass  d',  v„  so 
to  remove  the  stylette  from  the  cylinder.  We  also  rea< 
rectangular  arm,  by  elevating  it.  It  will  be  found  ' 
arm;  when  struck  away,  is  firmly  held  down  by  the  spring  i 
/3,  so  as  to  secure  the  muscle  receiving  only  <»m  indadion 
Everything  being  again  ready,  the  operation  is  repeal 
the  same  way,  and  a  tracing  obtained  of  the 
traction  caused  by  stimulating  the  nerve  near  the  muscle. 
smoked  cylinder  is  now  carefully  removed,  when  there 
found  on  it  a  slight  tracinglikewhat  is  shewn  iu  Plate  XX. 
but  in  much  more  delicate  lines  than  thei«  represented, 
we  have  first  a  basement  line,  a  h,  and  two  curved  linei 
(seeding  upwards,  the  one,  c  e,  being  produced  by  the  oo 
tion  of  the  muscle  when  the  nerve  was  stimulated  oloie 
while  the  other,  df,  represents  the  contraction  when  the  i 
latioQ  was  applied  at  a  distance  from  the  muscle.  Th 
tance,  then,  between  the  points,  c  d,  at  which  these  curvtid 
leave  the  horizontal  line,  indicates  the  length  of  time  the 
current  took  in  passing  from  tlie  point  stimalated  at  a  dist 
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to  tlie  point  stimulated  ue«ar  the  muscle,  that  is,  along  a  length 
of  two  inches.  It  follows  that  as  we  know  the  circumference  of 
the  cylinder  and  its  velocity,  there  is  no  difficulty  in  calculating 
the  time  it  represents. 

Calculation. — The  data  given  are — (1.)  Length  of  nerve 
examined,  two  inches ;  (2.)  Distance  between  the  commence- 
menta  of  the  two  curved  lines,  l-6th  of  an  inch  ;  (3.)  Circum- 
ference of  cylinder,  six  inches ;  and  (4.)  velocity  of  cylinder, 
fifteen  revolutions  in  a  second.  15  X  6  ^90,  the  number  of 
inches  of  cylinder  which  pass  before  the  stylette  in  one  second. 
l)0-f-l'Gth=l-540th  of  a  second,  that  is,  the  distance  l-6th  of  an 
inch  on  the  cylinder  represents  in  time  the  1 -540th  of  a  second. 
Now  the  l-6th  of  an  inch  on  the  cylinder  indicates  the  length 
of  time  the  nerve-current  took  in  travelling  along  two  inches  of 
nerve.  Therefore  the  nerve-current  travels  two  inches  in  the 
l-54()th  of  a  second.  But  two  inches  are  the  l-6th  of  a  foot ; 
therefore  the  current  will  travel  a  foot  in  6-54()th  of  a  second, 
that  is,  I-9()th  of  a  second,  or  90  feet  in  one  second. 

There  are  many  other  details  in  the  management  of  this 
instrument  which  can  only  be  understood  by  careful  study  and 
])ractical  manipulation. 

Other  myographions  have  been  used  by  Du  Bois-Reymond, 
.'K^y,  and  Marey,  but  the  one  now  described  is  the  most 
accurate.  No  one  can  study  it  without  being  profoundly  im- 
pressed with  the  greiit  amount  of  ingenuity  and  skill  displayed 
in  its  construction. 

Experiments  on  the  Circulation. 

Before  making  any  experiments  on  thecircubition,  the  student 
sliould  study  the  phenomena  of  hydrostatics  and  hydrodynamics 
descril)ed  at  p.  114,  and  the  phenomena  produced  by  injecting 
water  through  non-elastic  and  elastic  tubes. 

1.  yon-t'.bistic  tuln'^. — For  this  pur])oee  a  glass  tube,  having 
a  diameter  of  1-sth  of  an  inch,  and  about  eight  feet  long,  maybe 
employed.  On  driving  water  through  this  tul>e  by  means  of  an 
india-rul»l)er  syringe,  it  will  Ije  found  that  the  fluid  will  pass 
from  the  other  enil  of  the  tube  in  a  series  of  jets,  or  per  icUtum, 
In  this  case,  the  tube  l>eing  almost  non-elastic,  there  is  no  wave- 
like motion.  If,  however,  an  india-rubber  bag  be  attached  to 
the  end  of  the  glass  tube  farthest  from  the  syringe,  it  will  then 
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be  seen  that  the  jet-like  efflux  of  the  fluid  has  now  been  oon* 
verted  into  a  more  or  less  uuiform  flow. 

2.  Elastic  Ud)cs. — In  order  to  demonstrate  the  eflTect  produced 
upon  a  current  of  fluid  forced  through  an  elastic  tul^e,  about  eight 
or  ten  feet  of  good  india-rubber  elastic  tubing  is  required.  On 
injecting  water  through  it,  the  fluid  will  not  pass  out  in  a  series 
of  jets,  or  per  scdtum,  but  with  a  uniform  flow.  It  should  now 
be  demonstrated  that  the  elasticity  of  the  tube  has  the  property 
of  converting  the  impulse  of  the  syringe  into  a  wave-like  motion, 
which  may  be  done  by  means  of  an  apparatus  devised  by  Marey, 
termed  a  triple  sphygmograph, 

Marty's  triple  sphygmograph. — This  consists  of  an  arrange- 
ment of  three  light  wooden  levers  of  equal  length  moviug  on  a 
delicate  fulcrum  placed  near  one  end  of  each  lever.     These 
levers  are  carefully  fixed,  by  means  of  screws,   to  a  wooden 
upright,  so  that  each  lever  is  about  1 J  inch  from  the  other,  but 
in  the  same  vertical  plane.   To  the  free  end  of  each  lever  there 
is  attached  a  small  pen  or  brush,  so  that  when  brought  into 
contact  with  a  revolving  cylinder,  any  movement  they  nnake 
is  registered  in  the  form  of  a  curve.    The  apparatus    being 
thus  arranged,  the  iutlia-nibber  tubing  is  brought  under  the 
lowermost   lever,   about   one   foot    from  the   syringe,   and  is 
placed  in  a  grooved  bi'ass  8upi)ort,  so  that  the   lever   rests 
lightly  u])on  it.     About  four  feet  of  the  tube  is  now  carried 
round  the  rings  of  two  i-etort  stands,  fixed  on  their  supports 
about  a  foot  in  height,  and  then  it  is  brought  under  the  second 
lover  in   the   same  manner.      Other  three  feet   of    tube   are 
carried  over  the  rings  of  the  retort  stands,  and  after  passing 
under  the  third  lever,  the  end  of  the  tube  is  conveyed  into  a 
vessel  for  receiving  the  water.     Thus  we   have   three   levers 
placed  at  difterent  distances  on  the  iudia-nil)l)er  tubing.     On 
now  carefully  bringing  the  free  ends  of  the  levers  «igaiDst  a 
smoked  cylinder,  caused  to  revolve  by  cl(K*k-work,  and  forc- 
ing water  through  the  tube  at  regular  intervals  fi-oni  a  syringe, 
we  obtain  on  tlie  cylinder  three  exactly  parallel  and  comparable 
traces.     The  tracing  ])r<)duced  by  the  lever  next  the  syringe 
will  shew  a  series  of  waves  with  a  bold  verticid  line,  a  soiucwhat 
abnipt  summit,  and  a  gradual  doHi-ent.     That  obtaiueil  by  the 
Hi'cond  lever  will  shew  waves  with  a  more  gradual   ascent,  a 
more  rounded  summit,  and  a  gi-adual  tloscent ;  while  the  tracing 
made  by  the  third  lever  will  manifest  only  minute  waves,    Thna 
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it  may  b«  iluniouatrated  that  the  original  force  o(  tlie  impulse, 
and  the  eitent  of  the  verticnl  movement  of  the  lever  diminiahea 
with  the  iiicretue  of  dintauce  from  tb«  imp«lUii|;  organ,  whikt 
the  timit  of  impulw  reninina  the  siuue.  Other  experimenta  to 
shew  how  the  pulsntile  is  cnnvBrled  into  a.  uniform  flow  of  fluid, 
»■  iu  Ihp  capillaries  nod  iu  nueurinmii,  with  rigid  or  elastic  coats, 
nmy  alao  be  demoiistrated  with  tUia  iustruraeut. 

RrperimenU  im  the  pvUe. 

These  ninj'  be  uinde  by  melius  of  vnrioua  tnetrumeiits. 
VieroTiit'*  tphi/gmaifraph  (from  t^uy/iii,  the  pulse ;  &nd 
j-jafw,  1  write).— The  first  form  of  this  inetriiment  was  nuide 
by  Vierordt,  and  consisted  of  ft  lever  capable  of  being  i 
ruteiy  luil&nced  Ijy  shot  or  saoij  placed  in  a  cup  or  cups  aitnated 
near  one  end.  From  the  lower  aurfaco  of  the  lever,  a  little 
rod  descended  furniahed  with  a  small  button,  which  was  allowed 
to  rest  upon  the  artery.  This  rod  was  atUctied  to  the  lever, 
close  to  the  fulcnim,  so  that  a  slight  movemant  of  it  produced 
an  eit«naive  movement  of  the  long  arm  of  the  lever.  This 
ktler  was  brought  iu  cout&ct  with  a  revolving  cylinder.  Tncinga 
wore  thoB  obtained,  but  tlie  inertia  of  the  lever  was  too  groat 
for  the  force  of  the  circulation,  anil  the  j^eriods  of  contraction 
and  dilatjttinii  of  the  ventricle  were  not  accurately  marked. 

Jfarei/'*  tph^gmograpK. — The  principle  of  thia  instrument  ia 
exactly  the  soiuc  as  that  of  Tierardfa,  but  It  has  tlie  advantage 
of  having  a  very  light  lever,  and  of  being  altogether  a  muuh  le»s 
cumbrous  instrument  A  view  of  thia  instrument  is  seen  in 
Pkt«  XXI.  Ilg.  13,  in  which  it  is  repre«euted  as  attached  by 
bands  to  the  left  arm,  so  that  a  tmciug  may  be  obtained  of  the 
pulsations  of  the  left  railial  artery.  A  diagrammatic  view  of 
the  easential  parU  of  the  iustmnient  ta  aeeu  in  If^g.  14.  U  con- 
sists of  a  very  light  wooden  lever.  Fig.  14,  a  b,  moving  on  t> 
fulcrum  seeu  ut  k.  Underneath  thia  lever  there  is  a  fixed  bar, 
cd,lM  the  under  surface  of  wliidi,  near  o,  there  is  attached  a  ateel 
spring,  (/,  bearing  at/ a  button  prided  with  leather  or  ivgry, 
which  rests  upon  the  pulse.  From  the  upper  surface  of  the 
button  f,  there  ihtsse^  a  vertical  screw,  /  ■*,  which  ascending 
through  a  slit  in  the  fixed  IhU'  o  d,  bears  on  it  a  small  ateel  pr»- 
jfction,  which  when  the  screw  / 1  ia  elevated,  also  raiaea  the  lever 
II  h,  ill  the  direction  indicated  by  the  dotted  lines  y  k.    The 
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^H  lever  is  broHglit  down  to  ita  originiil  pomliou,  a  6,  by  8 

^P  flteel  Bpriug  nurhed  h.    It  is  evidi^ut,  on  etudyiiig  Fig.  14,  that 

^H  v«i7  deltcat«  movements  of  the  button/  will  produce  coundep- 

^H  able  extent  of  movement  of  the  lever  a  b,  at  the  point  a.    This 

^M  point  bears  at  a  a  small  ]ien,  slightly  bent,  whitdi  touches  the 

^B  side  of  a  card  or  plat«  of  smoked  glass,  or  imuked  gelatin  or 

^M  mica,  which  ii  made  to  mov^  grailually  forv&rd  in  the  direetioa 

H  of  the  arrows >  — — »  by  clock-work  (see  Fig.  13).    The 

^M  degree  of  pressure  by  the  button  f  (Fig.  14),  on  the  pulse  nu^ 

H  be  regulated  by  the  screw  i  f  (Fig.  14),  seen  also  at  a  (Fig.  13.) 

^^k  The  objection  to  thisform  of  sphygmograph  is,  that  there  are  no 

^^L  means  of  accurately  measuring  the  pressure  of  the  button  on  tlie 

^H  pulse.     This  has  now  been  acGomplislied,  in  recent  instruments:, 

^H  by  means  of  a  screw  which  regulates  the  pressure  of  the  spring 

^1  (Fig.  14)  it.     The  head  of  this  screw  is  divided  into  equal  ports, 

^^k  each  division  representing  so  much  pressure  in  grammes- weight, 

^1  BO  that  iu  taking  tracings  of  the  rsixa'i  pulse  at  different  limes, 

^H  we  are  enabled  to  use  exactly  the  snme  nmoitut  of  compression 

^H  upon  it.     Other  sphygmognipbs  have  recently  been  constructed 

^^k  by  Mayer  &  Mettzer,  of  London,  which  may  be  easily  adjusted 

H  to  the  wrist  by  a  bracelet,  and  in  which  the  tntciug  is  obtained 

ou  a  piece  of  mica  surrounding  a  small  revolving  cylinder. 
For  a  description  of  the  pulse,  and  of  the  meaning  to  be  uttndied 
to  a  sphygmographic  tracing,  see  pp.  £16,  217. 

The  cardiograph  of  Mareif.—iL  view  of  this  ap{viratus  is  wen 
iu  Plate  XXI.  fig.  Hi,  by  which  Mai'ey  was  enabled  to  obtain 
three  tracings  simultaneously  from  the  riglit  auricle,  the  right 
ventricle,  and  the  pulsation  of  the  heart  through  the  walls  of 
the  chest.  It  couaiirts  essentially  of  (1.)  a  registeiing  ajiparatas  ; 
(3.)  small  oval  sacs  or  aiupuUie,  mode  of  india-rubber,  for 
receiving  the  impulse  iu  the  vessels  or  cavities  of  the  heart ; 
and  (3.)  an  apparatus  termed  a  tawhoar  or  drum,  for  com- 
municating the  impulse  to  a  lever.  The  registering  appsrKtns 
is  a  cylinder,  A,  E,  moved  by  clock-work,  on  which  there  in 
enrolled  a  long  baud  of  pnpt^r.  The  levers  If,  Iv,  k;  placed 
one  above  the  other  in  the  same  plane,  touch  the  paper  by  tiw 
poiut  of  the  pen,  which  terminates  each  (Fig.  16, /,  P).  The 
ampuUie  for  receiving  the  impulses  are  seen  in  Fi;c.  18, 
These  communicate  with  the  tambours  by  long  elastic  tul 
containing  lur,  marked  te,  tc,  tv,  which  are  supported  by 
iron  stauds,  seen  one  ou  each  etdu  of  A  3.    A  separatu 
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one  of  tlie  tamboiira  is  seen  iu  Fig.  15.  It  consists  of  a 
shallow  drum,  T,  ou  the  surface  of  which  there  is  placed  a 
thin  circular  plate  of  alumiuium,  a.  This  supports,  and  is  at- 
tached to,  a  short  upright  iu  connection  with  the  lever  I,  I,  P. 
There  is  an  arrangement  seen  above  E  for  moving  the  drum 
backwards  or  forwards,  and  there  is  also  a  screw  by  which  we 
can  move  the  position  of  the  aluminium  plate.  A  short  brass 
tube  communicates  with  the  bottom  of  the  drum,  or  opens  into 
its  side,  as  seen  at  b,  to  which  the  elastic  tube  is  fixed,  so  that 
the  slightest  pressure  of  the  air  in  the  drum  communicated 
through  the  elastic  tube  produces  a  movement  of  the  lever. 
The  advantage  of  this  apparatus  is  that  it  is  easy  of  application, 
and  its  disadvantage  is  that,  in  conse(^uence  of  the  great  amount 
of  elasticity  of  the  india-rubber  drum  head,  the  lever  is  apt 
to  produce  a  number  of  secondary  curves  instead  of  one  firm, 
well-defined  line.  It  may  be  applied  to  the  registration  of  many 
other  kimls  of  movement. 

T/ie  Sphi/gmo8Cop€  of  Scot  Alison, — Tliis  instrument,  as  its 
name  indicates,  is  an  apparatus  for  shewing  the  movements  of 
the  pulse  to  the  eye.  It  is  a  truncated  cone  made  of  brass, 
the  base  consisting  of  a  piece  of  highly  elastic  india-rubber. 
Tu  the  truncated  end  of  the  cone  there  is  a  piece  of  india- 
rubber  tubing  passing  to  a  glass  tube,  bent  near  the  same 
end  to  an  angle  of  about  forty-five  degrees.  The  apparatus 
being  nearly  filled  with  a  coloured  fluid,  such  as  infusion  of 
litmus,  it  is  evident  that  the  slightest  impulse  communicated 
to  the  elastic  base  of  the  cone,  will  be  at  once  seen  by  an 
elevation  and  depression  of  the  coloured  fluid  in  the  tube. 

The  Sphif(jmo$cope  of  Czermak. — This  instrument  consists  of 
a  small  rectangular  mirror,  so  fixed  by  its  upi)er  extremity  as 
to  move  freely  when  the  lower  extremity  rests  uj)on  the  pulse. 
If  the  instrument  be  now  fixed  to  the  arm  so  tliat  the  free  end 
of  the  minxir  rests  on  the  radial  artery,  and  a  strong  ray  of 
light  l)e  reflected  from  the  mirror  u{X)U  a  verticiil  scale,  the 
slightest  movement  of  the  mirror  will  l>e  manifested  by  a  great 
extent  of  movement  of  the  sjiot  of  light  on  the  sade.  Tlius  the 
movements  of  the  pulse  may  l)e  exhibited  to  a  large  audience. 

The  S/tht/f/monphone  of  Upham, — This  apparatus,  seen  in 
Plate  XXI.  fig.  17,  is  for  the  pur]>ose  of  enabling  the  ear,  by 
means  of  electric  bells,  to  determine  the  frequency  and  rhythm 
of  the  caidiac  and  radial,  or  femoral  pulsations.     It  may  be 


SS6  PRACTICAL  EXPERIMENTAL  PHYSIOLOGY. 

divided  into  two  parts:  (1.)  An  arrangement  for  reoeiyiiig 
the  imj)ulse,  and  by  means  of  this  impulse,  breakiDg  au  electric 
circuit ;  and  (2.)  au  apparatus  for  ringing  one  or  other  of  a 
pair  of  electric  bells  when  the  circuit  is  broken. 

The  arrangement  for  receiving  the  impulse  from  the  apex  or 
base  of  the  heart  through  the  tlioracic  wall,  and  from  anj  Urge 
artery,  consists  of  two  small  bell-shaped  glasses,  ^,  m,  having 
the  mouth  of  the  bell  covered  over  with  thin  India- rubber. 
From  the  other  end  of  the  bell  we  have  two  elastic  tubes  whidi 
are  attached  at  their  other  extremity  to  similar  bell-shaped 
glasses,  also  closed  by  india-rubber,  marked  t  and  T.  When 
these  tubes  and  bells  are  carefully  filled  with  water,  it  is  evi- 
dent the  slightest  impulse  received  on  the  india-rubber  surfaces 
of  I  m  will  be  communicated  to  those  of  i  and  i\  Immediatelj 
over  i  and  i'  there  are  two  brass  bars  moving  upon  hinges,  and 
having  their  free  ends  directed  inwards,  and  resting  upon  a 
square  piece  of  brass,  as  seen  at  h  and  lc\  Attached  to  the  under 
surface  of  each  of  these  bars  there  is  a  round  metallic  plate, 
which  rests  on  the  india-rubber  surface  of  the  glasses  i  and  i*. 
By  this  arrangement,  a  very  slight  impulse  comniunicatad 
through  the  fluid  in  I  i  and  m^  t",  will  elevate  the  brass  bars 
and  break  the  contact  at  k  and  Ic . 

The  other  portion  of  the  apjmratus  consists  of  two  electric  beUs, 
a  and  6,  which  are  rung  by  the  hammers  c  and  d^  attached  to  the 
keepers  e  and  /  of  the  two  electro-magnets  g.    The  current  of 
electricity  from  two  of  Suiee's  elements  is  conveyed  into  the  appa- 
ratus by  the  wire  p^  passes  through  both  electro-magnets,  which, 
by  attracting  their  keepera  c  and/,  withdraw  the  hammer  e  and 
c/  to  a  short  distance  from  the  bells  a  and  6.     The  point  of 
contact  between  the  two  electro-magnets,  as  already  explained, 
is  at  k  and  1c ,    If,  therefore,  an  impulse  l>e  communicated 
through  the  apparatus  I  i  sufficient  to  break  the  contact  at  k% 
by  elevating  the  bniss  bar,  the  keeper  of  the  electro-ma^et  g 
is  released,  and  the  bell  a  will  ring,  only  one  stroke  of  the 
hammer  v  Ijeing  given.     In  the  same  manner  the  l)ell  6  is  rung 
through  the  influence  of  m  i".     By  means  of  this  ap|>aratus  the 
interval  of  time  between  tlie  cardiac  and  nidial  pulsati<ms  may 
be  rendered  evident  to  an  .audience  by  the  different  tones  of  the 
bells ;  and  as  the  contact-breaking  ])art  of  the  ap])aratnR  may 
be  in  Edinljurgh,  and  tlie  electro-magnetic  apparatus  in  Lomlon, 
a  demonstration  miglit  be  given  by  telegraphic  wires  to  a  Londou 
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aiidieuce  of  tlie  cardiac  and  radial  pulsations  of  an  individual  in 
Edinburgh. 

Experiments  to  measure  the  rapidity  of  the  circulation. 

Tliia  may  be  estimated  roughly  by  means  of  two  instruments. 

1.  Hieinatacho meter  of  Vierordt  {aifita^  blood  ;  ra;^o;,  speed  ; 
fLtrooVy  measure). — The  essential  part  of  this  apparatus  is  seen 
iu  Plate  XXI.  fig.  20.  It  consists  of  a  rectangular  chamber, 
A  By  the  sides  of  which  are  made  of  glass.  This  chamber 
is  furnished  with  two  nozzles,  a  and  b,  for  insertion  into  an 
artery  which  has  l)eeu  cut  across.  In  the  anterior  part  of  the 
chamber  there  is  a  very  light  vertically-suspended  pendu- 
lum seen  at  c,  placed  close  to  the  point  of  entrance  of  the 
current  of  blood  into  the  chamber.  This  will  of  course  move 
the  pendulum  fi*om  the  perpendicular  as  seen  at  e,  and  the 
amount  of  this  deviation  will  indicate  the  velocity  of  the  current. 
To  thin  apparatus  is  suspended  a  long  lever  placed  above  the 
box  A  B,  which  is  moved  by  a  rack  and  pinion  arrangement  by 
the  hand  of  the  experimenter,  synchronous  with  the  movements 
of  the  i)eu(lulum.  The  free  end  of  the  lever  is  provided  with 
a  pen  or  brush,  so  that  a  tracing  may  be  obtained  on  a  revolv- 
ing cylinder.  The  objection  to  this  instrument  is,  that  the 
conditions  of  a  sfjuare  box  are  different  from  those  of  a  blood 
vessel ;  the  inertia  of  the  pendulum  has  to  be  overcome,  the 
accuracy  of  the  tracing  depends  on  the  quickness  of  the  eye  and 
steadiness  of  hand  of  the  experimenter,  and  the  whole  appar- 
atus is  large  .and  difficult  of  application. 

2.  Ilrmculromometer  of  Vofkmann  (a//Aa,  d^ofjkog^  a  race- 
course, /^ir^ov). — This  instrument  is  seen  in  Plate  XXI.  figs. 
18  and  1!).  It  is  composed  of  a  U-shaped  tube,  c/,  e,  of  a 
given  length,  having  attached  to  it  a  scale,  graduated  in 
millimetres.  The  ends  of  this  glass  tube  fit  at  d  and  e  into  a 
brass  n})panitiis,  a,  b,  having  nozzles  at  a  and  6,  which  are 
inserted  into  the  cut  ends  of  the  ai-tery.  This  part  of  the 
apparatus  is  furnished  with  a  screw,  or  stop-cock,  bearing  a 
rectangular  arrangement  of  brass  tubing,  so  that  by  turn- 
ing it  the  bl(HHl  may  be  caused  to  flow  directly  from  a  to  6,  as 
seen  at  Fig.  18,  or  along  the  U-shaped  tube,  as  seen  in  Fig.  19. 
The  experiment  is  thus  j)erformed  : — The  artery  is  laid  bare, 
and  the  circulation  through  two  inches  of  its  extent  is  con- 
trolled by  two  strong  spring  forceps  fixed  on  it  at  that  din- 
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ttince  from  each  other.  It  is  then  divided,  aud  the  no^es  a 
and  b  inserteil  iuto  the  cut  ouris,  anil  firmly  aeeured  by  lign- 
tures.  The  Btop-cocks  are  arranged,  aa  seen  in  Fig.  IS,  and  the 
spring  foi'cepa  being  removed,  the  blood  will,  of  course,  Bow 
directly  from  a  tu  A.  The  expeiimenter  being  pi-ovided  with  wi 
accurate  chronometer,  on  a  given  aigual  the  stop-cock  is  turned, 
so  that  the  blood  will  flow  along  the  U-shaped  tube,  as  seen  in 
Fig.  19,  and  the  time  it  occupies  in  pagaiugfrom  iJ  to  e  is  noted. 
The  length  of  the  U-tube  being  known,  the  rapidity  of  tLe  cir- 
culation ia,  of  course,  thuB  determined.  The  U-tube,  hotrerer, 
being  almoat  non-elastic,  and  in  no  way  fuldlliug  the  condltioDS 
of  a  living  artery,  the  detenu  in  ation  of  tJie  rapidity  must  be 
held  as  only  approximative. 

Erptrimeiaa  to  meaiwf  blood-prtiture. 
1.  Hismadynamometer  of  PomeuUte  (ai/ia,  blood  ;  iuttt/uf, 
power;  /tirjof,  a  meBsnre).  —  This  instrument  cousists  of  a 
long  U-ahaped  ginsa  tube,  Plate  XXI.  fig.  21,  a,  h,  of  uulfonn 
calibre,  aud  having  the  inner  surface  exceedingly  smooth.  Into 
the  tube  some  clean  mercury  is  placed,  which  comes  to  a  level 
in  the  two  limbs  as  seen  at  t^  «.  Attached  to  both  limbs  there 
ia  a  graduated  scale  for  registering  the  oscillations  of  the 
mercurial  oolunma.  From  the  Hmb  of  the  tube  at  u,  there 
pa^es  the  curved  teadeu  tube  q  tm,  having  tut  air  hole  at  n,  a 
joint  at  I,  a  stop-oock  at  o,  and  a  nozzle  placed  tranaveraely  at  g. 
This  bent  tube  fits  tile  U-shapeJ  tube  at  a  very  accurately,  and 
there  ia  a  collar,  m,  which  is  screwed  over  the  connection  eo  as 
to  make  the  junction  perfectly  water-tight.  The  transvEise 
nozzle  at  i/,  is  represented  of  larger  aize  iu  Fig.  21,  b.  It  con- 
Histaof  the  tube  a  l,  Fig.  SI,  for  insertion  into  the  artery,  and  of 
the  short  tube  e  placed  at  right  angles  to  a  b,  which  tits  accurately 
into  the  end  of  the  leaden  tube  at  q.  The  whole  of  the  leadeu 
tube  ql  m,  aud  the  npper  limb  of  the  glass  tube  a  d,  io  the 
surface  of  the  mercury  at  d,  is  carefully  lilled  with  *  sola- 
tion  of  carbonate  of  soda,  which  is  used  because  it  Iiae  the 
property  of  preventing  the  coagulation  of  the  blood  in  the 
nozzle  q.  In  accordance  with  the  law  that  fluids  presa  equally 
in  every  direction,  the  pressure  of  the  blood  passing  through  the 
nozzle  q,  is  communicated  latterly  through  the  column  of  the 
solution  of  carbonate  of  soda  to  the  surface  of  the  mercurial 
column  at  d.    The  blood  does  not  flow  into  the  leadeu  pjptt 


I 


I 


EXPEftlAfENTS  aV  THE  CIRCULA  TiOS.     SS9 

qlm,  Lut  posses  straight  tliruugh  the  nozale  <},  axA  llie  increase 
and  dimmiitioQ  of  ptesaure  is  indicated  bj  the  tuuvements  of 
tlm  mervuriul  colamns  ut  d  aud  e.  The  innount  of  this  presnire 
is  measuretl  by  the  scales  c,  Fig.  21.  Tf  the  mercurial  colunm 
be  depressed  one-fourth  iif  tui  iuch  at  d,  it  will  be  elev&tcd  the 
qii&rter  of  an  inch  at  t;  the  total  preasure,  therefore,  being  one- 
half  inch  of  mercury, 

2,  Kpaagraphioji  of  LvdiBvj  (xufia,  wave,  ^fetpw). — This  in- 
rtrument,  aa  seen  in  Piute  XXI.  lig-21,  is  the  apparatus  just 
described,  together  with  on  nrnuigement  for  registertug  tlie 
movemeuts  of  the  mercurial  column.  This  is  effected  by  itieiuiB 
of  &  very  light  glass  float,/,  hnviTig  attodinl  to  it  n  long  fine 
steel  wire,  f  g,  at  the  top  of  which  there  Is  a  steel  ml  bearing  n 
stylette,  i.  From  the  upper  end  vl  the  rod  g,  a  deliciitd  tliread 
pa^es  upwards  to  the  top  of  the  frame  k  A,  moves  round  b  imall 
pulley,  and  suspeods  a  weight,  i,  which  acts  as  an  equipoise  tn 
the  glass  float  /.  The  rod  g,  bearing  the  stylett«,  moves  in  the 
same  veilical  phuie,  being  kqit  in  position  by  two  fine  steel 
wires  in  the  fnune  A  h.  This  ap]MiratuB  enables  us  to  obtAin 
very  delicate  tracings,  the  movement  of  the  mercurial  column 
being  communicated  to  the  float,  and  by  the  latter  to  the  sty- 
letK-.  To  the  left  of  Fig.  21.  a  revolving  cylinder,  b,  is  shewn,  • 
moving  u|Nin  an  axle,  a  c,  and  Itaviug  a  Htylette,  d,  applied  to  its 
surface. 

Wliou  it  is  desirable  to  make  nn  experiment,  with  the  view 
of  dctermiuing  the  amonnt  of  blood  |)reABure,  the  lea<lea  tvbe 
must,  in  the  Srat  pUce,  bo  ciuvf  ully  fille-1  with  a  solution  of 
cnrbuoattiof  soda.  For  thispurpotte  we  require  several  syringes, 
having  uoades  of  various  sixes.  The  stop-cock  at  □  is  purfumtcd 
through  the  top,  so  as  to  permit  the  escape  of  air,  and  it  is 
furnished  with  a  suudl  stoiijier  for  preventing  the  escape  of  the 
fluid.  Hy  means  of  this  stnp-o>ick  we  can  nllow  the  blood 
pressure  tu  be  ouumuuicatnO  tu  the  mercuriid  column,  or  we 
can  shut  it  off  nX  pleasure.  The  leaden  tuU  is  to  be  filled  by 
inserting  the  noazlo  of  a  syringe  into  the  hole  in  the  stop-cock 
o,  the  latter  being  turned  so  na  to  prevent  the  escaiw  of  the 
fluid  through  the  noule  q.  Thus  we  6U  the  tube  l,m,  utd 
usually  part  of  the  tube  n,  m.  d, — the  air  escaping  by  tlie  air- 
hole n.  Wo  next  intniduc«  the  point  of  the  fringe  at  n,  and 
endeavour  to  fill  the  remainder  of  the  tube.  When  wc  ban 
done  90,  ws  must  rapidly  remove  the  syringe,  and  introduce  a 
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stopper  into  tlie  air-hole  n,  ttking  care  to  bring  the  mercury  bi 
the  two  Limbs  of  the  U-tube  to  a.  lereL  The  nozzle  is  introduced 
into  the  artery  in  puictly  the  anme  way  aa  already  described 
with  reference  to  the  Uleniadi'omoineter.  To  obtain  au  accurate 
tracing,  three  things  must  be  carefully  atteuJed  to  : 

1.  The  blood  must  be  prevented  from  coa^iatiug  in  the 
nozzle  introduced  into  the  artery,  and  oowiaioually  it  may  be 
neceasary  to  remove  the  nozzle,  and  to  clean  it  out  by  a  Sue  wiiv 
or  bristle,  after  properly  securing  the  artery. 

S.  Tlie  flout  must  move  freely  in  the  glaaa  tube.  Before  nsing 
the  apparatna,  the  tube  ought  to  be  carefully  dried  with  a  piece 
of  cottou  attached  toa  long  wire,  and  the  mercury  omployei]  must 
be  perfectly  free  from  dust  or  moisture.  Before  using  the  latter, 
it  should  be  carefully  filtered  through  a  minute  perforation  in  a 
sheet  of  white  writiug  paper,  and  be  dried  by  pl.icing  it  in  a 
porcelain  capsule  for  five  or  ten  minutes  before  the  tire. 

3.  The  atylette  must  mark  the  cylinder  with  as  little  friction 
as  possible.  This  is  accomplished  by  attaching  to  its  point  a 
small  finely-poiuted  brush,  which  is  kept  wet  with  Ink  of 
aufficieut  Quidity ;  or  by  means  of  a  small  conical  glass,  fixed 
to  the  stylctte,  having  the  apex  drawn  to  a  very  fine  point, 
perforated  and  bent  so  as  to  barely  touch  the  cylinder.  A 
small  quantity  of  ink  is  placed  in  the  glass,  and  paKWS  tn  a 
very  fin^  stream  tlu'ough  the  perforation  in  the  bottom. 

In  addition  to  the  carve  produced  by  the  movements  of  the 
I'ecordiDg  ai^iaratua,  it  may  he  serviceable  to  have  two  other 
tracings  made  at  the  same  time,  one  being  a  horizontal  line, 
di-awu  by  a  fixed  stylett«,  and  the  other  a  rapid  but  reguhtr 
tracing  of  a  series  of  equally  sized  secondary  curves,  produced 
by  another  stylette  in  connection  with  a  magneto-electric  spptt- 
ratua  working  with  great  regularity.  lu  the  event  of  numerous 
experiments  being  required  in  any  particular  investigation,  the 
whole  apparatus  should  be  jjennaneutly  lixed  to  a  table,  which 
ia  also  used  as  the  operating  table,  and  on  which  the  animal  lies. 

ExFERIMENTa  ON  REBIfBATlON. 

1.  Rrpiralton  of  carbonic  acid  kg  the  /unjs,— This  may  be 
readily  demonstrated  by  breathing  through  a  glaas  tube  into 
lime-water.  The  lime-water  becomes  milky  from  the  forma- 
tion of  insoluble  carbonate  of  lime.  The  amount  of  carbonic 
acid  expired  may  also  be  determined  by  causing  an  individual 
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ta  breathe  for  an  hour  iiir  which  hits  l>ceu  nirefiilly  puriGeil  b; 
posaiug  it  thnjiigh  caustic  potiish.  He  must  ii)S[iire  Ikta  pure 
air  and  expire  tliroaghasolalioii  of  cuuBlic  potaah,  the  slreugth 
of  which  is  known,  and  which  may  Iw  weigheil.  The  iucruuBe 
in  weight,  due  to  the  oarbouic  add,  iuUiwteB  the  aiuouiit  of 
the  Intter  ;  or  the  amount  of  en.rhouic  acid  may  1hi  calculated, 
by  the  chemical  mles  of  equivalence,  from  the  luuouut  of 
carbonate  of  pobwh  formed. 

£.  E^iratuM  of  aqHUDV*  vtipuurbi/  ttit  lung*. — The  amnunt 
of  aqueous  vapour  may  bi>  estimated  by  breathing  air  (ilrieil 
by  paadng  through  Bidpburic  acid)  through  an  apparatus  con- 
Bisttng  of  several  U-tubes  containing  chloriJu  of  calduni,  or 
pumice'Rtone  steeped  in  sulphuric  acid.  The  increoae  in  wcj^t 
will  indicate  the  amount  of  aqueous  vapour  expirod  in  a  given 
length  of  time. 

3.  Mode  of  mMMvritlg  tht  qnantity  af  air  ia  itupiration  and 
expiration.  (See  pp.  S28,  3^.) — Tliia  is  ilone  by  oieaua  of 
inatrumeDts  termed  tpironater*. 

{\.)  Spirometer  of  ilr  Jltiinhinaoin  (jpiro,  t  breathe  1  iitifjet). 
— Thisiseeseutially  agaaoroeter,  conaistiogof  an  outer  cylinder, 
having  introduced  at  its  base  a  p>p«,  leatliug  from  a  mouthpiece, 
and  riiibg  in  the  centre  of  the  cylinder  nearly  to  its  brim.  lutu 
this  cylinder  another  one  is  inverted,  which  is  carefully  balanced 
by  two  cords  paasing  over  two  pulleys  and  suspeadiug  two 
weights.  When  air  is  forced  into  the  tube  already  mentioned, 
and  the  outer  cylinder  coutaios  a  certain  qmintity  of  wat«r,  the 
inner  cylinder  rises.  The  amount  of  air  is  indicated  by  a 
scale,  graduated  into  cubic  inohes,  which  is  attaclied  to  the 
inner  cylinder,  and  consequently  rises  with  it,  tlie  amount 
being  marked  off  by  an  index  fixed  to  the  outer  cylinder.  The 
inner  cylinder  is  provided  with  a  stopper,  by  removing  which, 
and  forcing  down  the  cylinder,  we  are  miabled  to  vapel  the  air. 
This  instrument  does  not  give  occnrata  scientific  resulla — the 
muscular  strength  of  an  individual  iufluemnng  the  amount  of 
air  forced  from  the  luug,  iudepcndcntly  of  the  pulmonaiy 
capacity. 

(2.)    Tht  AnapnoffFaph   of  Btrgton   and  KattoM    (ateiimw, 
to  draw  breath  ;  yta^u). — The  principle  of  tliis  iusti-nnieut 
is  quite  ilifierent  from  that  uf  Mr  Hutchiusuu.    It  is  seeu 
in  PUta  XXI.  fig.  S2.     It   eousists   of  two  parts  :    first,   ( 
arrangement  uf  dock-work    for   carrying  a  sheet  of   ruleil 
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pnper,  P  C,  placed  in  a.  brass  box,  M  N  ;  and  second,  i 
another  ApparatiiB  consisting  of  a  rectnngulor  hox,  R, 
one  side  of  which  we  have  fixed  au  iudia-rublier  tube,  t 
□ating  in  a  cover  for  the  nose,  oa  aeen  at  O.  The  other  aide  0 
the  box  is  quite  open,  as  at  V.  A  sectinu  of  the  boi  is 
C,  In  its  interior  there  ie  a  vertical  pLite  of  uTii minium,  m 
freelj  on  a.  hinge,  at  the  bottom  of  the  boi.  This  plat«,  m 
C,  3 — 2  acta  ns  a.  valve  during  iuapiration  and  expiration  thrciU| 
the  box.  In  inspiration  the  valve  is  drawn  towards  the  n 
as  indicated  b;  the  dotted  line  in  C,  3 — i;  andiDexi>iratio)iitHJ 
forced  in  the  opposite  direction.  To  the  edge  or  border  of  thw  ■ 
valve  there  is  attached  a  long  light  lever,  K,  having  at  ita  tree 
end  a  pen,  P,  which,  as  the  lever  is  moved  hy  the  ralve,  makes 
a  tracing  upon  the  paper.  It  is  important  to  obderve,  ae  will  be 
seen  on  examining  C,  that  wbeu  the  valve  is  forced  from  tlie 
iiostriU  in  expiration,  the  peu  point  will  move  in  the  opposite 
direction  ;  and  the  reverse  holds  good  in  the  case  of  inspii&tion. 
The  whole  of  the  tracing  on  the  left  of  the  median  line  of  the 
puper,  therefore,  represents  the  curve  of  expiration,  while  that 
on  the  right  represents  that  of  inspiration.  Thus  wo  obtain  a 
tracing  of  the  inspiratory  and  expiratory  curves.  The  amount 
of  air  of  inspiration  and  expiration  is  calculated  by  havi 
the  paper  carefully  divided  into  squares,  so  that  in  ordinal 
respiration  sixteen  squares  represent  half  a  litre  of  a 
in  forced  respiration,  four  squares  repreiwtit  only  half  J 
litre.  Thus  by  counting  the  number  of  squares  within  t' 
curve,  we  obtain  a  knowledge  of  the  amount  of  air. 
uary  respiration  the  apparatus  is  as  shewn  ou  Fig.  22,  i 
the  pen  hangs  loosely.  In  this  condition  forced  reapintia 
would  drive  the  pen  point  1>eyond  the  mnrgins  of  the  pa|>er, 
and  perhaps  damage  the  inatrunient.  To  obviate  this,  by  tnni- 
ing  the  small  button  B,  seen  near  the  top  of  the  box,  pushing 
it  downwards  in  a  little  slit,  and  again  fixing  it,  the  levar  ]| 
rendered  much  less  easily  moved.  This  inatrunient  is  easy  ol 
application,  and  is  more  accurate  than  that  of  HutiJiinaon. 

Expehimekts  on  Sioht  or  Tibios. 

The  practical  experiments  which  may  he  performed  willtll 

reference  to  sight  are  ao  numerous  that  we  can  only  select  k  levM 

of  the  more  important. 

1.  Inverdon  of  the  image  upon  the  retina. — This  may  be  illmj 
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trated  by  the  student  examining  the  inverted  image  upon  the 
ground  glass  plate  in  an  ordinary  photographic  camera.  It  may 
be  also  done  by  taking  the  eye  of  an  ox.  newly  killed,  or  still 
better,  that  of  an  albino  rabbit,  carefully  separating  the  sclerotic 
from  its  posterior  surface,  and  fixing  it  in  a  hole  in  a  shutter, 
tlie  pupil  being  directed  forwards,  while  the  observer  is  in  the 
dark  room  examining  the  retina. 

2.  Action  of  the  miucUs  of  the  eye-hall. — The  ophthalmotrope 
of  Rente  (o^tfaX.aof ,  the  eye  ;  r^orij,  a  turn).  By  means  of  this 
instrument,  seen  in  Plate  XXI.  fig.  23,  we  are  enabled  to  study 
t!ie  actions  of  the  muscles  of  the  eye-ball.  It  consists  of  a 
wooden  box,  A,  supported  by  levelling  screws,  %  k.  From  the 
surface  of  the  box  there  rises  a  brass  pillar,  ^,  bearing  a  frame- 
work in  which  there  are  mounted  the  accurate  models  of  two 
eye-balls.  These  latter  consist  of  box-wood  frames,  having 
passing  through  their  centre  a  brass  tube,  bearing  on  its  anterior 
part  a  glass,  representing  the  cornea,  behind  which  there  is  a 
diaphragm,  like  the  pupil,  while  its  posterior  end  consists 
of  a  disc  of  ground  glass,  which  stands  for  the  retina.  The 
six  muscles  acting  upon  each  eye-ball  are  represented  by  as 
many  delicate  silk  cords,  accurately  "fixed  to  their  proper  posi- 
tion on  the  eye-ball.  From  thence  they  pass  backwards  through 
two  brass  plates,  c  d,  then  over  a  number  of  ivory  pulleys  down- 
wards towards  two  scales,  /  /.  The  back  of  one  of  these  scales 
is  seen  in  Fig.  23,  A.  Each  cord  has  attached  to  it  a  small  piece 
of  tinfoil,  which  serves  as  a  pointer.  The  silk  cords  are  ulti- 
mately attached  to  a  roller  in  the  box  h.  The  peculiar  position 
and  direction  of  the  superior  oblique  muscles  of  the  eye-ball 
are  imitated  by  a  movable  arm  seen  near  the  inner  surface  of 
the  eye-ball  a.  By  turning  with  the  fingers  the  eye-balls  of 
this  ophthalmotro{)e,  the  action  of  the  various  muscles  may  be 
observed,  and  the  angles  formed  by  the  lines  of  direction  of  the 
muscles  measured.  Numerous  other  experiments  may  be  per- 
formed with  it.  By  placing  a  wax  candle  eight  or  ten  feet  in 
front  of  the  ophthalmotrope,  the  position  of  the  inverted  images 
on  the  retina;,  corresponding  to  any  given  direction  of  the  visual 
axes,  may  also  be  studied. 

Measurement  of  the  Curvatures  of  the  Cornea  and  Lens, 

The  cornea  being  a  transparent  structure,  acts  both  as  a  lens 
and  as  a  convex  mirror.    It  acts  as  a  lens  by  refracting  to  a 

13 
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Blight  extent  rays  of  light  iiasaing  tlirough  it,  and  it  acta 
coavea  mirror  by  reflecting  rays  of  light  from  its  surface. 
the  latter  property  that  ia  taken  advantage  of  in  the  method 
making  accurate  measurements  of  its  radius  of  convexity. 

Far>natioi\  of  imagu  by  cotivejc  mirrora. — The  image  produced 
by  a  convex  mirror  is  an  erect  image  apparently  placed  behind 
the  miiTor.  Thin  will  be  underetood  by  referriug  ta  Plate 
Vril.  fig.  21.  Here  A  P  is  a  convex  mirror,  and  C  is  the  centre 
of  the  circle  of  which  C  D  is  the  radius,  and  A  P  is  an  arc.  If 
the  eye  of  the  observe)'  be  placed  at  E,  a  reQect«U  and  erect 
image  of  the  arrow  M  N  will  be  eeeu  at  m  »,  but  reduced  in  size. 
Of  the  numerous  rays  of  light  reflected  from  the  surface  of  (lie 
mirror,  only  a  few  can  enter  the  eye,  and  those  whidi  do,  euch 
as  D  E,  F  E,  G  E,  aud  H  E,  are  so  reflected  that  the  angles  of 
incidence  and  reflection  are  equal.  The  ray  M.  D  is  Teflecl«d  in 
the  direction  D  E,  the  angle  of  incidence  M  D  N  being  eqnalto 
the  augle  of  reflection  N  D  E,  The  same  is  true  of  the  rays 
M  F,  N  H.  By  ciirrying  back  the  rnys  E  D,  B  F,  they  will  be 
found  to  meet  at  the  point  m,  and  they  will  appear  to  on  eye 
placed  at  E  na  if  they  had  come  from  their  focal  point  tn.  In 
the  same  way  the  rays  E  G,  E  H,  will  apparently  issue  from  n, 
— all  the  points  composing  the  image  >»  n  being  foci  conjugate 
to  the  points  composing  the  object  M  N.  The  email  image  m  h 
will  tlierefore  be  the  virtual  image  of  M  N.  By  drawiug  the 
lines  M  C,  N  C,  it  will  also  be  fouudthat  the  virtual  image  m  n 
is  always  within  those  lines,  hence  the  image  is  erect  and  always 
smaller  than  the  object.  It  is  important  also  to  recollect  that 
the  size  of  the  image  m  it  is  to  the  size  of  the  object  M  N  as  the 
distance  of  the  image  from  the  centre  of  the  mirror  m  C  is  t« 
C  M,  the  distnnce  of  the  object  The  image  m  n  will  reoede 
from  the  anrface  of  the  mirror,  aa  the  object  M  N  recedes  from 
it,  and  when  the  object  M  !N  is  indefinitely  distant,  as  it  often 
IB  in  the  case  of  objects  placed  before  the  cornea,  tlie  image  m  n 
will  be  situated  about  half-way  between  the  mirror  uul  C,  that 
is  at  a  point  correspondiug  to  half  the  radius  of  convexity.  It 
follows  also  from  this,  that  the  greater  the  degree  of  convexity 
of  the  surface  of  the  mirror,  the  smaller  will  be  the  virtual 
image,  a  fact  which  may  be  easily  demonstrated  by  comparing 
the  sizes  of  the  reflected  images  in  convex  mirrors  of  dilfen 
degrees  of  convexity. 

Formula  for  caloulaling  radiut  ofcu 
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we  apply  these  principles  to  the  cornea,  we  find  that  it  acts  as  a 
convex  mirror,  having  a  virtual  image  behind  it  at  a  point 
situated  at  a  distance  of  half  the  radius  of  its  convexity.  The 
size  of  the  image  must  be  measured,  and  from  its  size  the  radius 
of  curvature  may  be  calculated  thus  : 


Let  C  B  in  the  above  Figure  be  the  cornea,  and  £  F  H  its 
optical  axis.  The  object  A  B,  placed  before  it  will  be  reflected 
by  its  surface,  so  that  its  virtual  image  will  be  a  6,  placed  at  F, 
that  is  at  a  distance  of  half  the  radius  £  G.  Draw  the  lines 
A  6,  B  6.  The  object  A  B  will  be  to  the  image  a  6  as  the  distance 
H  G  is  to  G  F,  that  is  half  the  radiua  Let  K  =  the  radius-^ 
AB:a6  ::  HG:GF  (that  is  half  K) 
,  j^_HG  X  ah 


OrR 


-( 


AB 
HG  X  ab 
AB 


) 


Thus  let  A  B  =  1000  mm. ;  a  6,  1  muL ;  and  H  G,  3800  mm. ; 
what  is  the  radius  of  curvature  ? 

*  1000 

R  =  3-8  X  2  =  7-6  mm. 
Optical  principles  of  the  ophthalmometer, — ^The  instrument  by 
means  of  which  we  measure  the  size  of  the  reflected  image  on 
the  ecu  vex  surface  of  the  cornea  or  lens  is  termed  the  Ophthal- 
mometer [of)da\fAo;,  the  eye  ;  fitr^tf  a  measure).  This  ingeni- 
ous iustrumeut  was  invented  by  Helmholtz.  In  order  to 
understand  its  practical  application,  it  is  necessary,  in  the  first 
instance,  that  we  examine  the  optical  principle  on  which  it  is 
constructed.  When  a  ray  of  light  falls  perpendicularly  on  the 
surface  of  a  glass  plate,  it  passes  through  it  without  under- 
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[oiug  any  refraction.  If,  however,  the  plate  be  held  obliquely 
D  the  direction  of  the  ra.;,  aa  seeu  in  the  accoinpiLnyiug  figure, 
ve  obtaiu  a  different  result. 


Here  A  B  C  D  iu  the  above  figure  represent  a,  plate  made  of 
Hint  gliisif,  hitving  the  ray  a  c  impinging  ujKin  its  aurfnce.  It  in 
refi'acted  iu  the  directiou  c  i,  and  on  passing  again  from  the  flint 
gluss  into  the  air,  it  is  a  secoud  time  refracted  in  the  direction 
i  I, — i  I  being  jsirallel  with  a  c.  Draw  u  line  perpendicular  to 
A  n.  namely  ji  c,  and  continue  it  to  t.     The  angle  i!  r  m  is  equal 
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of  c  1,  nor  the  angle  c  i  /.  We  must  now  find  c  i,  Thia  line  is, 
as  the  figure  shews,  the  hypothenuse  of  a  triangle  cih  \  and 
one  of  the  sides  of  this  triangle,  c  it,  is  equal  to  the  thickness  of 
the  glass  plate,  which  we  will  term  P.  The  line  c  it  is  ad- 
jacent to  the  angle  c  i  X*,  and  hence  we  get 

P 

-TV  =  «»  ^. 

by  multiplying  c  i,  we  have 

P  =  cos  j3  .  CI, 
wherefore 

P 
coa  /3. 
Now  we  know  that  P  equals  the  thickness  of  the  glass  plate, 
and  that  the  sines  of  the  angles  a  and  /S  are  in  a  known  ratio. 
But  by  substituting  the  value  of  c  1  in  the  previous  equation, 
we  have 

t  = —  sm  c  t  /. 

cos  /3- 

We  see  now  that  the  c  i  f  equals  At/  —  Ate;  but  At/ 
equals  the  angle  of  incidence  a,  in  that  their  sides  are  parallel ; 
and  hie  ec^uals  the  angle  of  refraction  jS,  because  they  are 
alternate  angles.  Therefore  c  %  f  equals  a — 0,  and  sin  c  t  /  = 
sin  (a — jS).  We  have  therefore  the  following  formula :  (« 
representing  the  amount  of  displacement  of  the  point  a  towards 
h  and  P  the  thickness  of  the  plate). 

t  =  P  -l?-(?_-^) 

C08/3. 

But  as  there  are  two  such  plates  in  the  ophthalmometer,  we 
have  the  complete  formula,  in  which  E  will  equal  the  total 
displacement. 

cosj3. 
The  use  of  the  ophthalmometer,  therefore,  is  to  supply  tw 
with  the  angle  a,  and  as  we  know  the  thickness  of  the  ghias 
plates,  and  the  index  of  refraction  between  air  and  flint  ghias 
(namely  1*65),  by  applying  the  above  formula,  the  amount  of 
lateral  displacement  may  be  ascertained.  Suppose  the  thickness 
of  the  glass  plate  to  be  *325  mm.,  the  index  of  refraction  1*65, 
and  the  angle  of  incidence  6°,  we  find,  by  the  use  of  logarithmic 
tables,  that  jS  =  3*  37',  very  nearly.   Therefore  a^  =  6*— 3* 
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ZT  =  2°  23'.    This  gives,  on  referring  to  the  tables,  e  «  0*027 
mm,  very  nearly. 

Description  of  the  ophthalmometer. — ^This  instniiDent  consistB 
of  a  telescope  suitable  for  short  distances,  part  of  which  is  seen  in 
Plate  XXI.  fig.  24,  c.  In  front  of  the  telescope  there  is  a  sqnaie 
brass  box,  abb,  having  the  inner  surface  blackened.  The  box 
has  a  circular  opening  near  b  6,  which  is  usually  closed  with  a 
plate  of  very  thin  glass.  In  the  interior  of  this  box  there 
are  vertical  plates  of  flint  glass  b  b,  fitted  into  frames,  and 
moving  the  one  at  an  angle  with  the  other,  by  means  of  a 
rack  and  pinion  movement,  on  a  circular  disc  or  wheel  seen  in 
Fig.  24,  c,  which  is  set  in  motion  by  turning  the  screws  seen  on 
the  top  and  bottom  of  the  box,  the  lower  one  being  marked  d. 
In  Fig.  24,/,  we  see  the  inner  surface  of  the  bottom  of  the  box 
with  the  circular  wheel  just  alluded  to.  In  connection  with 
each  pinion,  and  placed  on  the  outside  of  the  box,  there  ai«  two 
circles  made  of  steel,  and  carefully  graduated  into  360  degrc^s. 
These  circles  are  upon  the  same  axis  as  that  on  which  the  glass 
*  plates  in  the  interior  of  the  instrument  revolve,  the  upper  ciivle 
corresponding  to  the  one  plate,  and  the  lower  to  the  other 
plate.  There  is  a  fixed  vernier  at  the  point  a,  so  that  by  ob- 
serving the  number  of  degrees  on  the  circle  opposite  the  zero  <^ 
the  vernier,  we  read  off  the  number  corresponding  to  the  obliquity 
of  the  plate,  or  iu  other  words,  the  number  of  degrees  formed 
by  the  angle  of  incidence,  namely,  a.  In  making  accurate 
observations,  a  number  of  I'cadiugs  should  be  takeu  on  both 
graduated  scales,  and  the  differences  between  these  readings 
should  never  exceed  the  one-tenth  of  a  millimetre.  If  they  do, 
the  instrument  is  not  in  proper  order,  owing  to  the  plates  not 
moving  at  equal  rates,  or  owing  to  a  flaw  in  the  glass. 

Mode  of  using  the  ophthalmometer, — The  first  requisite  for 
ophthalmometric  observations,  is  a  room  having  the  walls 
blackened,  and  from  which  all  sunlight  can  be  excluded.  The 
ophthalmometer  is  placed  at  a  distance  of  ten  feet  from  the 
eye  under  examination,  and  on  a  level  with  it.  The  object  to 
be  reflected  on  the  cornea,  until  recently,  was  the  distance 
between  three  candle  flames  placed  beside  the  experimenter, 
two  being  on  his  right  hand  and  one  on  his  left.  Helmholtz  has, 
however,  now  substituted  for  this  an'  apparatus  conaiHting 
essentially  of  tluree  small  rectangular  mirrors  fixed  by  universal 
joints  to  a  graduated  wooden  rod  about  four  feet  long.     The 
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distance  between  the  mirrors  may  be  regulated  by  sliding 
them  in  moveable  sockets  along  the  rod.  In  the  centre  of  the 
rod  there  is  a  circular  movement  round  a  graduated  scale,  so 
that  the  rod  may  be  placed  vertically,  obliquely,  or  horizontally, 
according  ajs  it  may  be  desirable  to  obtain  images  in  a  vertical, 
oblique,  or  horizontal  meridian  of  the  cornea.  This  mirror- 
apparatus  is  screwed  to  a  table  immediately  in  front  of  the 
o})hthalmometer.  A.  candle  flame  is  now  placed  on  the  right  or 
left  hand  side  of  the  eye  to  be  examined  (for  the  right  eye  on  the 
right  side  and  for  the  left  eye  on  the  left),  as  near  it  as  possible, 
and  on  the  same  plane,  a  dark  screen  intervening,  so  as  to  pro- 
tect the  eye  from  the  glare  of  light.  The  experimenter  now 
throws,  by  means  of  the  mirrors,  a  reflection  of  the  light  from 
each  mirror  upon  the  eye.  He  then  directs  his  own  eye  to  the 
telescope  of  the  oplithalmometer,  and  by  carefully  focusing  the 
instrument,  and  directing  it  to  the  eye  under  observation,  he 
sees  three  minute  specks  of  light,  thus    ♦         ♦  ♦on 

the  cornea.  The  vernier  of  each  scale  of  the  ophthalmometer 
is  now  at  zero.  Then,  by  turning  the  screws  already  mentioned, 
the  glass  plates  in  the  interior  of  the  box  are  placed  obliquely, 
and  the  motion  is  continued  until  six  small  specks  of  light  are 

soon  thus : — 

*        *        «        *  »  * 

1        a        2        6  3  c 

Here  the  asterisks  numbered  1,  2,  3,  represent  one-half  of  the 
amount  of  displacement  in  the  one  direction,  and  those  marked 
a,  /;,  and  c,  half  the  displacement  in  the  other  direction.  Thus 
the  three  original  images  have  been  displaced  through  a  distance 
e<iuid  to  that  Ixitweeu  the  two  extreme  images.  The  number  of 
degrees  through  which  the  plates  have  moved  are  now  read  off, 
giving  the  angle  of  incidence,  and  by  means  of  the  calculation 
above  descrilwd,  the  size  of  the  image  is  ascertained.  The  fol- 
lowing measurements  are  now  made  :  First,  the  distance  between 
the  upjwr  and  lower  reflecting  mirrors — this  gives  the  size 
of  the  object ;  and  second,  by  a  tajw  line  divided  into  milli- 
metres, tlie  distance  from  the  anterior  surface  of  the  cornea  to 
the  centre  of  the  apparatus  bearing  the  mirrors  ;  but  as  these 
reflect  rays  of  light  from  the  c^iudle  flame,  this  measurement 
must  be  doubled.  We  now  know. the  size  of  the  object,  the 
size  of  the  image,  and  the  distance  of  the  object  from  the 
cornea  ;  and  from  these  data,  by  the  formula  already  given, 


S70  PRACTICAL  EXPERIMENTAL  PHYSIOLOGY. 

the  radiufl  of  curvature  is  easily  oulfulated.    (For  au  example, 
see  p.  565.) 

Dondar'*  vhtthod  of  liting  the  ophthalmometer. — This  is  an  easier, 
though  a.  less  accurate,  mode  of  measuTLDg  reflected  imagee.  It 
conaiBta  of  prepariug  a  scale,  in  which  each  degree,  or  fraclion 
of  a,  degree,  corresponda  to  a  certain  size  in  millimetrea.  The 
mode  of  constructing  it  is  as  follows  :  Place  a  email  white 
ivory  scale,  divided  iuto  tenths  of  a  millimetre,  at  a  distance 
of  ten  feet  from  the  opLtltalmometer.  Turo  the  plates  until 
the  lines  on  the  scale  diverge  aud  ultimately  pass  through  any 
given  distance,  say  Vt  "^  ^  millimeter,  \,  \,  ^,  \,  ^,  j,  or  1 
millimeter.  The  number  of  degrees  corresponding  to  each  of 
these  diaplacemeiita  is  noted,  and  thus  a  scale,  by  i; 
observations,  may  be  readily  constructed.  Observations  art 
be  made  on  the  living  eye  as  described.  When  the  dista 
between  two  reflectioDs  on  the  cornea,  representing  the  im 
has  been  displaced  through  its  whole  extent,  the  number  of  4 
grees  are  noted,  and  on  referring  to  the  scale  of 
prepared  iis  above,  tlie  sizt;  of  the  image  is  at  once  known. 

Meaturemertti  made  byvieane  of  the  ophthalmomtter. — We  gl 
here  various  meaaurements  in  millimetres  made  by  mewia  of  fl 
ophthalmometer,  which  are  intended  to  serve  as  standardly 
comparison   for   students  or  others  who  may  make  A  t 
study  of,  and  devote  time  to,  the  aabject  :• 
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The  apparatus  of  Knapp  for  holding  the  head.* — This  ap- 
paratus, desigued  by  Professor  Knapp,  now  of 'New  York,  ia 
for  the  purpose  of  securely  holding  the  head  of  the  individual 
whose  eye  is  being  examined  with  the  ophthalmometer.  It  is 
composed  of  a  circular  piece  of  wood  placed  vertically,  which 
may  be  turned  round  on  an  axis,  and  which  has  holes  cut  for 
the  nose,  eyes,  and  mouth.  The  head  is  held  steady  by  two 
flat  pieces  of  wood,  which  are  moved  by  sci^ws  so  as  to  be 
applied,  one  to  each  side  of  the  head.    These  are  well  padded. 

The  phako$cope  of  Hetmholtz  (^axfj,  the  lens;  (fxo^iai). — 
This  is  an  irregularly  triangular  box,  shaped  somewhat  like  a 
stereoscope,  made  of  wood  or  paste-board,  and  well  blackened 
in  the  interior.  It  has  four  apertures,  one  for  admitting  the 
rays  of  light  from  a  candle  or  lamp,  another  for  the  eye  to  be 
examined,  and  a  third  for  the  eye  of  the  observer.  The  fourth 
opening  is  immediately  in  front  of  that  for  the  eye  to  be  exa- 
mined, and  is  furnished  with  a  sliding  door  bearing  a  small 
vertical  needle.  By  causing  the  person  whose  eye  is  being  exa- 
mined to  direct  his  attention  to  the  needle,  the  eye  is  accommo- 
dated for  near  distances,  but  if  the  needle  be  removed  by  pushing 
down  the  little  door,  the  eye  may  accommodate  itself  to  any 
distant  object.  When  an  eye  is  examined  in  this  manner  three 
reflections  are  seen,  one  from  the  anterior  surface  of  the  cornea, 
Fig.  24<*  1,  a  second  from  the  anterior  surface  of  the  lens,  2,  and 
a  third,  which  is  inverted,  from  the  posterior  surface  of  the 
crystalline  lens  or  anterior  layer  of  the  vitreous  humour,  3.  The 
relative  positions  of  these  images,  when  the  eye  is  accommodated 
for  distant  objects,  is  seen  in  Plate  XXI.  fig.  24<*,  while  that 
represented  in  Fig.  24^  shews  the  position  in  which  they  are  in 
an  eye  looking  at  a  near  object.  It  will  be  observed  that  in  the 
latter,  the  anterior  surface  of  the  cornea  has  become  more  convex, 
because  the  image  2  in  Fig.  24^  has  advanced  nearer  to  1  than 
in  Fig.  24^.  This  is  the  most  suitable  instrument  for  demon- 
strating the  accommodation  of  the  eye  to  distance  according  to 
Cramer  (see  p.  342). 

The  ophthalmoscope. — This  valuable  instrument,  also  invented 
by  Helmholtz,  is  for  the  purpose  of  illuminating  the  posterior 
chamber  of  the  eye,  so  as  to  enable  us  to  see  the  retina, 
the  entrance  of  the  optic  nerve,  &c.    There  are  many  varieties 

•  KnApp,  Archiv.  v.  Ophthalmol.  Bd.  VI.  Ab.  2,  and  Archiv.  L  Augen  und 
UhreDheilk,  1  Bd.  2  Ab. 
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of  ophtlialrnoBcopes,  -which  it  is  imneceHory  to  ilescribe  here  ; 
but  they  all  conaiat  easeQtially  of  a  powerful  mirror,  having 
a  Bmall  rouad  hole  in  its  centre,  Tchich  is  uiied  for  refiactiug  a 
beam  of  light  into  the  eye  nnder  ciamination  ;  nnd  of  a.  bicon- 
vex lens  for  the  purpose  of  magnifying  the  retina,  and  erf 
projecting  an  image  of  the  latter  forwards  to  a  point  some- 
where betweeu  the  eye  of  the  demonstrator  and  Ibe  eye  of 
the  patient.  The  mode  of  using  the  instrument  m  aa  fullows : 
Let  the  individual  whose  eye  is  to  be  examined,  be  sratetl  in  a 
dark  room  on  a  chair  of  a  convenient  height,  and  place  n  giia 
light,  furnished  with  a  gronnd-glass  shade,  or  a  moderator 
lamp,  inimediat«lj  behind  his  shoulder,  aod  yet  cloae  to  the  aide 
of  his  head.  Let  the  light  be  on  a  level  with  the  eye,  and  so 
far  behind  it  that  the  countenance  is  iu  the  shade.  If  thia 
cannot  be  so  arranged,  place  a  dark  shade  between  the  eye  and 
the  Ught.  The  student  is  now  to  «t  down  opposite,  take  the 
nurror  in  his  right  hand  and  apply  the  Imck  of  it  to  his  own 
eye,  at  a  distance  of  about  eigiiteeu  inches  from  tlie  eye  under 
e^miuatiou,  and  looking  carefully  through  the  small  hole  iu 
tlie  back  of  the  mirror,  he  so  moves  the  btter  as  to  catch  the 
rays  of  the  light  from  the  lamp,  and  to  reflect  them  into  the 
patient's  eye.  He  muKt  now  lake  the  biconvex  lens  betweeu 
the  forefinger  and  thumb  of  the  left  hand,  and  hold  it  at  ft 
distance  of  about  nn  inch  iu  front  of  the  patient's  eye,  keeping 
the  hand  steady  by  resting  the  little  finger  on  the  iforehead  of 
the  patient.  Then  by  a  slight  backward  and  forward  inonj 
Tuent  of  his  head  and  the  mirror,  the  student  will  succeed  f 
oatching  the  proper  focal  distance,  and  the  image  of  the  ntd 
will  then  be  distiuctly  seen. 

In  the  axis  of  the  eye-bull  the  i/eUoit  spot  (macula  lutfd)  in&j 
l>e  seen  forming  a  sbght  oval  patch,  and  having  iu  its  centre  a 
small  bright  dot,  the  for«a  aentmlU,  the  thinnest  part  i-f  retina. 
About  the  l-lL)th  of  an  inch  to  the  inside  of  the  yellow  8[>ot,  wo 
now  observe  a  whil«  or  rose-coloured  round  spot,  boundeil  by  a 
well-de&nad  border,  and  having  radiating  from  its  centre  a 
number  of  minute  vessels.  This  is  the  entrance  of  the  optic 
nei-ve,  and  the  vessela  are  branches  of  the  central  artery  of  the 
retina.  It  is  aometiwea  termed  the  optic  disc  (ponit  opiicu$), 
and  it  ha«  also  been  odled  the  optic  papilla,  because  at  this  place 
the  nervous  substance  of  the  retina  is  slightly  elevated,  so  oa  to 
form  nu  eminence  {coUimitu*  nervi  optici).     The  neighbourhood 
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of  tlie  optic  diBC  and  yellow  spot  is  usually  of  an  orange-red 
colour,  and  is  richly  supplied  with  branches  of  the  retinal  vessels. 
The  yellow  spot  is  seen  most  distinctly  when  the  individual 
looks  straight  forward,  and  the  optic  disc  is  demonstrated  when 
the  eye  is  rolled  u  little  inwards.  By  causing  the  patient  to 
move  his  eye  in  different  directionB,  the  whole  surface  of  the 
retina  may  be  examined. 

Experiments  on  Hearing. 

Tliis  department  of  practical  physiology  has  become,  chiefly 
owing  to  the  brilliant  researches  of  Helmholtz,  one  of  the  most 
inviting  fields  of  study.  Before  entering  upon  it,  however,  the 
student  should  be  familiar  with  the  general  principles  of 
acoustics  explained  at  pp.  120,  134.  The  following  are  a  few 
examples  of  the  kind  of  apparatus  used,  and  the  experiments 
I)erformed. 

Jlelmholtz's  model  for  explaining  the  mechanism  of  the  hones  of 
the  ear, — This  is  a  model  of  the  tympanum,  having  accurate 
models  of  the  malletUy  incus,  and  stapes,  moving  upon  each  other 
by  joints,  and  having  attached  to  them,  at  the  proper  points, 
cords  which  run  in  the  direction  of,  and  represent  the  muscles 
of,  the  tympanum,  viz.,  the  tensor  tympani,  laxator  tympani, 
and  stapedius.  By  tightening  or  relaxing  these  cords,  the  action 
of  the  chain  of  bones  or  the  membrana  tympani,  on  the  one 
hand,  and  on  the  membrane  covering  the  fenestra  ovalis,  on  the 
other,  may  be  easily  demonstrated.  It  may  also  be  shewn  by 
means  of  this  api>aratus  how  the  vibrations  of  the  air  com- 
municated to  the  membrana  tympani  are  carried  onward  through 
the  chain  of  small  bones  to  the  fenestra  ovalis, 

Monochord  of  Helmholtz, — This  is  an  apparatus  consisting  of  a 
long  narrow  box,  on  the  upper  surface  of  the  lid  of  which  there 
id  a  cord  drawn  tightly  over  two  ivory  bridges,  placed  one  at 
each  end  of  the  box.  There  is  also  a  bridge,  of  the  shape  of 
that  of  a  violin,  which  may  be  moved  in  any  direction  beneath 
the  cord  ;  and  thus  it  may  be  shewn  that  vibrating  cords  of 
d liferent  lengtlis  produce  various  musical  notes.  Attached  to 
the  instrument  there  is  a  trumpet-shaped  resonating  apparatus, 
having  the  wide  end  covered  with  a  delicate  membrane.  This 
])art  of  the  apparatus  may  be  moved  along  the  side  of  the 
box,  so  as  to  be  opposite  to  any  given  point  of  the  vibrating 
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cord,  tLod  the  note  cotTesponding  to  the  vlTimtiona  will  be 
tinctly  heard. 

Tht  apparatus  of  Appunn  for  iUuxtrating  the  rtatt. 
ndmhoU:,  adapted  for  physiological  purpota. — Thia  is  i 
rntua  invented  ftud  made  hy  Georg  AppuuD,  of  Hanau,  near 
Franktort-on-the-Miiiue.*  It  consists  of  a  atroug  table  pro- 
vided with  a  bellows  and  air-chest.  The  entrance  of  air  from 
the  bellows  into  the  chest  is  regulated  by  a  valve,  vhich  mav 
be  opened  or  shut  at  pleasur*.  On  the  top  of  the  table  there 
are  six  square  holes  commvinicatiug  with  tiie  air-cliest,  each 
being  provided  with  a  Hliding  valve,  which  can  be  opened  or 
ahut  by  a  rod  attached  to  it.  These  square  holes  serve  as  socket*, 
into  which  we  can  fit  tl>e  different  parts  of  the  apparatuB.' 
"When  we  wish  to  use  any  particular  instrument,  the  valve 
beneatli  it  is  opened,  and  thus  air  is  at  once  admitted  into  ~ 
from  the  air-chest. 

The  following  are  the  principal  parts  of  the  apparatus  : — 
I,  An  over-lone  apparatui.— This  part  of  the  instrument 
sista  of  a  rectangular  chest,  having  in  its  interior  atxty-four 
metallic  tongues,  placed  transversely,  and  carefully  constructed, 
so  that  the  vibration  of  each  produces  a  certain  msncal  tone. 
Suppose  we  were  to  divide  a  vibrating  cord  into  equal  parts  of  |, 
ji  i,i,i,  and  soon  up  to  the  1-C4thuf  its  length,  we  would  obtaiu 
the  tones  of  thia  ap[mrutua.  TTuderneath  eiich  tongue  there  is 
a  sliding  stop,  which  has  a  short  metallic  rod  attached  to  it.  The 
end  of  each  rod  is  finished  with  a  small  knob,  hy  piilUug  out 
which,  the  sliding  valve  under  any  particular  tongue  may  be 
withdrawn,  and  the  corresponding  musical  tone  produced  by 
working  the  bellows.  In  order  to  maintain  the  sound  while 
the  bellows  is  refilling,  the  top  of  the  box  of  the  over-lone 
apparatus  moves  upwards  and  downwards  like  on  accordion, 
and  the  tongues  vibrate  whether  the  air  passes  from  below 
upwards,  or  from  aliove  downwards.  By  means  of  this 
apparatus,  as  we  can  sound  several  notes  at  the  same  moment, 
the.  peculiar  colour,  or  timbre,  or,  according  to  Helmholtz 
the  tlaTig  of  a  musical  note  may  be  demonstrated.  Every 
musical  note  contains  uot  only  its  fundamental  tone,  and  over- 
tones, but  also  other  tones  caUed  the  octave,  the  duo-decimo, 
double  octave,  &a.,  the  ratio  of  the  vibrations  of  which  ore  as 
l:2;3:4:5:e:7,  aud  so  on.  In  order  to  detect  these 
'  Uobor  illB  UulmliolLz'  sclis  Lohni  vuu  den  Toncmi>fliiJuuE(in,  is. 
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toDes,  we  require  a  series  of  instruments  termed  resancUors. 
These  are  globes  or  cones  made  of  copper  or  tin,  and  each  one 
is  so  constnicted  that  the  air  in  its  interior  is  thrown  into 
vibration  by  one  of  the  over- tones  in  the  musical  note.  With 
Appunn's  apparatus,  twenty-nine  of  these  resonators  are  sup- 
plied. They  vary  in  length  from  4^  feet  to  3  inches,  and  they 
are  all  conical  and  made  of  tin.  The  narrow  end  is  placed 
close  to  the  ear,  and  the  base  directed  upwards,  and  if  possible 
the  observation  should  be  made  at  a  distance  from  the  place  or 
instrument  from  which  the  sound  issues,  llie  presence  of 
over-tones  in  a  musical  note  may  be  shewn  by  sounding 
the  fundamental  tone.  Then,  by  withdrawing  the  stops  cor- 
responding to  the  diflferent  over-tones  of  that  particular  note, 
we  find  that  its  colour  or  quality  depends  on  the  different 
number  and  relation  of  the  over-tones.  It  is  this  fact  which 
explains  why  the  same  note  on  a  flute,  a  clarionet,  a  piano,  or  a 
trumpet,  differ  from  each  other  in  quality.  The  fundamental 
tone  is  the  same  in  each,  but  the  number  and  i*elation  of  the 
over- tones  v.ary.  The  soft  note  of  a  flute  contains  fewer  over- 
tones than  the  same  note  sounded  on  a  trumpet.  For  instance, 
if  we  sound  on  the  over- tone  apparatus  the  notes  in  the  propor- 
tions 1:2:3:4:5:6:7,  &c,  which  are  the  over- tones  of 
the  fundamental  tone  =  1,  the  sound  becomes  stronger  and 
rougher  as  we  proceed.  This  illustrates  the  law  laid  down  by 
lltilmholtz,  that  ''The  more  over-tones  a  compound  note  contains, 
the  rougher  Ls  its  quality  or  timbre."  The  quality  of  the  voice 
in  different  individuals  depends  on  the  number  and  strength  of 
these  over-tones. 

Another  method  of  observing  the  over-tones  is  to  sound  the 
fundamental  note  on  the  over-tone  apparatus,  and  the  students 
may  hear  distinctly  the  various  over-tones  corresponding  to  the 
})articular  note  by  listening  with  the  resonators  at  the  other  end 
of  the  room.  In  order  to  sound  the  fundamental  note  with 
volume  and  intensity,  so  that  the  over-tones  may  be  detected  in 
a  room  with  a  large  audience,  Appunn's  apparatus  is  provided 
with  two  powerful  tongue-pipes.  These  consist  of  rectangular 
wooden  pipes,  having  at  the  top  a  wedge-shaped  box,  the  apex 
of  the  wedge  pointing  downwards,  and  furnished  with  a  vibrating 
metallic  tongue.  A  large  cone  made  of  tin  is  fitted,  apex  down- 
wards, into   the  top  of  the  pipe.     This  acts  aa  a  powerftd 
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3.  A  rotaiajo/MratiM.— TliiawillbedeacribeiiwiththeeipeTi'' 
meuts  en  voice  (aee  p.  579). 

4.  Appiui,v,'t  lone-mcatnirer. — Thia  consists  of  au  &ppanLtllB-fl 
similar  in  structure  and  appearance  to  the  over-tone  n 
mtua  olreiuiy  described.  It  cantatas  thirty-tliree  tones,  ma 
0,  1,  2,  3,  4,  0,  iic.,  on  to  32  ;  and  these  tones  are  so  arrai 
that  the  difference  between  the  vibrations  of  any  ailjiiceut  t' 
such  as  0  ;  1,  or  1  :  S,  or  2  ;  3,  nud  bo  ou,  produce,  when  sounded  A 
together,  exactly  four  impulses  per  second.  In  the  same  way  ( 
when  0  :  2,  or  1  :  3,  or  2  : 4  are  sounded,  wb  have  eight  impuLsoa  i 
per  second  ;  again  0  ;  3,  or  1  :  4,  or  2  ;  5  give  sixteen  impulses^ 
per  Becoud,aud  soon.  With  this  instrument tve  cau  readilyd*-  j 
tennine  the  number  of  vibrations  in  any  given  tone  (see  p.  347).  J 

ESFERIUEXTS  ON  VOICB. 

The  human  voice  is  produced  by  the  vibrations  of  the  t 
vocal  ct>rds  (p.  351).     This  may  be  illustrated  in  s« 

1.  Sff  Miiller'i  arCiJIa'al  (ai-ynj;.— This  consists  i 
tube  of  the  form  seen  in  Plate  XXI.  fig.  25,  /,  having  At  e 
brass  frame-work  for  holding  a  piece  of   india-rubber  tube, 
and  moving  on  a  hinge,  ea  that  tlie  margins  of  the  IMer  tukj  d 
be  separated  or  approximated,  or  relaxed  or  rendered  ten 
blowing  through  the  end  of   the  tube,  various  sounds  a 
duced  according  to  the  degree  at  tension  of  the  india-rubba 
margins.     It  may  be  shewn  that  as  we  increosG  th< 
these,  the  pitch  of  the  sound  rises,  while  it  is  lowered  when  ii 
remove  tlie  tension. 

2.  Jly  JfiiUer'g  apparaliu  for  experim«nlinff  on  l/i«  voocd  « 
tAtnuflva. — A  view  of  the  priucipul  ])ortion  of  this  apparatna 
seen  in  Plate  XXI.  fig.  25.  ItcoDsiat^of  abroad  wooden bI 
having  two  or  three  strong  uprights,  provided  with  no 
holes  and  screws,  by  which  the  larynx  may  be  attached, 
25,  the  anterior  pan  o(  a  human  head,  with  the  larynx  I 
attached  to  it,  is  affixed  to  the  apparatus.  Into  the  tracttc 
there  is  inserted  and  securely  fastened  the  bent  wooden  ti 
by  which  air  can  be  forcibly  blown  upwards  through  the  g. 
When  this  is  done,  a  sound  is  produced,  which  may  be  it 
in  pitch  in  two  ways  :  1st,  by  means  of  the  rectangular  ft 
a,  movable  on  the  steel  rod  b,  which  grasp  the  larynx  a 
thus  approximate  the  cords ;  or  2Dd,  by  fixing  a  small  hot 
into  the  anterior  and  upper  border  of  the  thyroid  cartilage,  n 
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carrying  a  thread  from  tliis  hook  over  the  pulley  c.  By  placing 
weights  in  the  scale  or  cup  h  d  attached  to  the  thread,  the 
thyroid  cartihtge  is  pulled  forwards  and  the  cords  tightened. 

Instead  of  using  part  of  a  head,  as  shewn  in  Fig.  25,  it  Lb 
more  satisfactory  to  make  a  special  preparation  of  a  larnyx,  by 
removing  it  from  the  neck,  clearing  it  from  the  muscles,  and  by 
cutting  oir  the  upper  part  down  to  the  level  of  the  true  vocal 
cordis.  It  may  then  be  clearly  demonstrated  that  voice  is  pro- 
duced by  the  vibrations  of  these  cords,  and  numerous  experi- 
ments may  be  performed,  shewing  how  they  are  influenced  by 
the  various  muscles,  and  the  change  of  note  consequent  thereon. 

Formaiion  of  vowd  sounds. — These  may  be  illustrated  by  the 
s]>ecial  apparatus  made  by  Appunu,  already  alluded  to.  It 
consists  of  a  combination  of  wooden  organ  pipes,  having  stops 
80  that  air  may  be  admitted  into  one  or  more  at  pleasure.  It 
may  bo  shewn  that  the  vowel  a  consists  of  a  fundamental  note 
and  of  certain  over-tones ;  the  vowel  «  of  a  fundamental  note  and 
other  over-tones,  and  so  on.  The  fundamental  note  is  produced 
by  the  vibrations  of  the  coi'ds,  and  is  the  same  for  all  the  vowels ; 
but  the  over-tones  are  produced  in  the  upper  part  of  the  lamyz, 
and  are  modified  by  the  resonance  of  the  mouth.  It  is  well 
known  that  the  vowels,  if  sounded  by  different  voices,  have  not 
the  same  quality  or  timbre  ;  a  fact  due  partly  to  the  over-tones 
varying  in  different  individuals,  and  partly  to  the  effect  of 
resonance  of  the  oral  cavity,  which  also  varies  in  shape.  (See 
p.  353.) 

3.  T/ie  Laryngoscope. — ^The  idea  of  illuminating  and  render- 
ing the  larynx  visible  by  means  of  a  reflector,  has  been  more  or 
less  attempted  by  Liston,  Warden,  Avery.  Garcia,  and  others, 
but  abandoned  as  impracticable  in  medicine,  until  successfully 
revived  in  recent  times  (1858-59)  by  Professor  Czermak.  For 
the  examination  of  the  larynx  he  employs,  Ist,  a  perforated  mir- 
ror, by  means  of  which  a  powerful  light  is  thrown  from  a  lamp 
into  the  back  of  tlie  mouth,  and  tlirough  which  the  o|)erator 
gazes  in  the  direct  axis  of  the  illuminating  rays.  This  mirror 
may  be  attached  to  a  bent  stalk,  the  end  of  which  can  be  held 
firmly  by  the  teeth,  but  it  is  far  more  conveniently,  for  purposes 
of  demonstration,  held  firmly  in  the  left  hand.  2d,  Alarjmgeal 
miiTor  of  glass  or  steel,  varying  in  size,  attached  to  a  stem  at 
one  of  its  corners,  which  having  been  previously  warmed  to  pre- 
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is  placed  it)  ffdoj^^^^l 
a  glottidis  to  th«^^^| 

knils  upon  Ilia  knew,       I 


vent  condeDsatiaD  of  tlie  breath  tipon  it,  i 
the  uvtik,  and  reflects  the  image  of  the  ri 
of  the  ob«*rver. 

The  perBoo  eiamincd  should  plnce  Lia  hands  upon  liia  knew, 
the  upper  part  of  the  body  ia  advanced  forwards,  tlie  neck  beat 
onwarda,  the  nape  slightly  inclined  Iwickwards,  the  mouth  widely 
open,  the  tongue  flntteued  and  iieUl  a  little  without,  Tlie 
observer  is  seated  in  front  of  the  person  to  be  examined  ;  he 
places  in  his  mouth  the  handle  which  sup[>orts  the  itliiminatiiig 
mirror,  and  looks  through  the  central  opening  ;  the  Ui^ngeal 
mirror,  introduced  into  the  back  )uirt  of  the  mouth  witb  the 
right  iiand,  ia  illuminated  by  the  light  which  is  projected  from 
the  illuminating  mirror.  In  the  first  place,  the  illnmiuation  of 
the  back  part  of  the  mouth  and  the  mutual  position  are  regu- 
lated ;  then  the  laryngoscope  ia  heated,  and  its  temperature 
regulated  by  the  touch.  After  tlieite  preliminiu'ies  are  gone 
through,  thepatieutaliould  open  the  mouth  wide,  and  alternately 
inspire  and  eipire  deeply.  While  doing  so,  the  laryngoscope 
ia  placed  agninst  the  tiTula  and  the  wlwih  palali,  to  sustain 
these  parts  a  little,  and  tlie  mirror  is  given  a  conveuieht  incli- 
nation ;  at  times  it  is  impossible  to  avoid  touching  the  posterior 
wall  of  the  pharynx ;  the  examination  ia  directed  by  th« 
image  we  thus  obtain.  Ou  telling  the  patient  to  pronounce  ah  ! 
the  movement  of  the  vocal  cords  ia  seen.  Practice  an<l  reflec- 
tion will  bring  each  observer  to  comprehend  the  moilificationa 
to  which  he  ought  to  submit  tliis  proceeding,  according  to  th« 
special  circumstance;  whether,  for  instance,  he  has  in  some 
degree  to  advance  or  to  withdraw  the  latyngoscope,  to  bend  it, 
to  lower  or  to  elevate  it,  to  change  the  position  and  attitude  of 
the  individual  undergoing  examination,  nuse  his  chair. 


For  the  performance  of  many  eT|>eriments,  more  especially 
those  on  the  nervous  centres  and  individual  nerves,  nnatomi^ 
knowledge  and  ojierative  skill  are  required.  To  these  we  have 
not  specially  alluded,  neither  do  we  profess  to  have  exhausted 
those  for  which  particular  instruments  have  beeu  invented  - 
but  enough  has  been  said  to  illustrate  this  department  of 
physiology,  and  to  aaaist  the  stndent  in  making  himself  fai 
practically,  with  the  use  of  the  eitenaive  apparatus  he  will  t 
in  the  laboratory. 


INDEX. 


Abducenii,  ftlxth  nenre,  318. 

Ai*«;rratioQ.  chrumatic,  cauM  of,  140  ;  how 
corrected  in  microcieope,  601  ;  spherical, 
cause  of.  137;  how  corrected  in  micro- 
8co{»e,  6U0. 

Ab.sorption  bands  of  spectrum  of  blood.  82  ; 
and  secondarj  digeiitlon,  230  ;  of  {rases, 
122  ;  of  oxjgen  in  respiration,  227  ;  bj 
the  skin.  200. 

Acetic  acid  In  urine,  477,  486  ;  use  o^  in 
Illstologj,  620. 

Achromatic  lens,  description  of,  60L 

Achromatism,  principle  of,  6ol. 

Acid,  acetic,  22 ;  acetic  in  urine,  477 ; 
adipic,  'i3  ;  arachidic,  22 ;  benzoic  in 
uriue,  477  ;  butyric,  22 ;  caproic,  22  ; 
caprylic,  22  ;  carbonic,  28 ;  cerebric,  pre- 
paration of,  4!>4  ;  cerotic,  22 ;  chromic, 
use  of,  in  Histology,  620 ;  damaluric  in 
urine,  477  ;  damolic  in  urine,  477  ;  ex- 
cretolic  of  Marcet,  480 ;  formic,  21  ; 
fonnic  in  urine,  477 ;  firee  in  bodj,  28  ; 
gljcochollc,  12.  260  ;  hippurie,  15  ;  test 
for,  in  urine,  470  ;  hydrochloric,  28  ;  ino- 
Kinic,  16  ;  lactic,  27  ;  lactic  in  urine, 477; 
Uuric,  22  ;  melissao,  22 ;  myristic,  22  ; 
trnanthylic,  22;  oleo-phosphoric,  pre- 
)>aration  of,  406  ;  oxalic,  28 ;  oxsJic  in 
urine,  477  ;  palmitic,  22 ;  pelargonic,  22  ; 
I'hcnylic  in  urine,  477 ;  propionic,  22 ; 
rutic.  22 ;  fiarcolactic,  27  ;  silicic,  28  ; 
stearic,  22  ;  succinic  In  urine,  477  ;  sul- 
)>huric,  28  ;  taurocholic,  12 ;  preparation 
«'f,  250  ;  taurylic  in  urine,  477  ;  uric,  13; 
uric,  test  for,  in  urine.  475  ;  valeric,  22 

Acid^t  fatty,  21  :  stearic  acid,  series  of,  21  ; 
oleic  acid,  series  of,  22  ;  physiological 
importance  of,  23. 

Acidst  related  to  sugar,  27. 

Aconite,  ctTects  of.  on  the  heart,  380. 

Acoustics,  properties  relating  to,  120  ;  ap- 
p!iratus  of  Appunn,  674. 

Adamiick  and  Woinow  on  the  measure- 
ments of  a  presbyopic  eye,  670. 

Adenoma,  271^. 

Addison,  Dr  W.,  on  increase  of  colourless 
cells,  2o8  ;  on  cell  therapeutics,  237  ;  on 
molecular  fibre,  73  ;  on  formation  of  pus, 
70. 

Addison,  Dr,  on  dbease  of  suprm-renAl  cap- 
kules,  2U7. 


Adhesion.  110. 

Adipic  acid,  23. 

iKpinns  on  Drebble*s  mfcroseope,  407. 

Afferent  nenres,  definition  of,  289. 

Affinity,  110. 

Agassis  on  derelopment  of  coral  reefii,  411. 

Age,  effect  of,  on  respiration,  231 ;  effect 
of,  on  the  pulse,  210. 

Agustia,  904. 

Air,  breathing,  220;  complemental,  229; 
composition  of,  121 ;  effects  of  respiration 
on,  229 ;  Pasteur's  experiments  on,  420  ; 
pomp  of  Hprengel,  462;  required  for 
wards  of  infirmaries,  2S6  ;  reserve,  220  ; 
residual,  220 ;  tidal,  229 ;  tubes,  84. 

Albumin,  chemistry  of,  8;  estimation  of, 
in  blood,  448 ;  in  egg,  800 ;  in  urine,  tests 
for,  478  ;  estimation  of,  by  weight,  479. 

Albuminates,  8. 

Albuminous  degeneration,  280;  derivatives 
12 ;  principles,  8. 

Alcohol,  use  of,  in  Histology,  620. 

Alcoholic  drinks,  effects  of,  in  brain,  388. 

Aldini  on  animal  electricity,  103. 

Aliment,  nature  of,  188. 

Alimentary  canal,  development  of,  393. 

Alison  on  turgidity  of  clliury  processes,  342. 

Alison  Scott,  description  of  sphygmoseope 
of,  666. 

Allantoin,  chemistry  of,  16  ;  In  arine,  486. 

Allantois,  386. 

Alternate  generation,  nature  of,  4o6. 

Aluminium  in  tissues,  6. 

Amaeba,  the,  40,  47. 

Amaurosis,  304. 

Amblyopia,  348. 

Amentia,  902. 

Amlcl  on  the  microscope,  498. 

Ammonia  in  urine,  471. 

Ammoniaco-magnetian  phosphate,  29;  as 
a  deposit  in  urine,  487. 

Ammonium,  cariwnate,  in  tismes,  28 

Amnios,  385. 

Ampere's  theory  of  magnetism,  145 ;  aataiic 
needle,  140. 

Amphioxns  lanciolatns,  nervooi  fyst«m 
of,  390. 

Amyloid  bodies,  nature  of,  25,  880 ;  iob- 
stances  in  sugar,  25. 

AnsBSthesia,  304. 

Analysis  of  animal  fluid,  general,  446  ;  qua- 
litative and  quantitative  analysis  oi;  447. 


i8. 

An«lyil>  of  ftnlrul  tolldi 
441;  nrtholiile,  »i ;  ■ 
bOBS.  4D3 ;  of  ebflf,  4M 
of  (Utric  Jslcg,  4SI;  i 


Mlin.  493 ;  of  tmlli.  403 :  or  tba  nrlne, 
*sa :  TolniDEtTlc  rntUwd  of.  404 ;  of  •blt< 
flbroiu  tJuuo,  4M1;  or  joUoir   «luUc 

AtntpnoHiipb  of  Dirgean  ud  Kutns,  239 : 


iiitrDdri,deflniii(iaQr,l$l. 

!■  |KO(OrlBj  Ml. 


kI  psrultlc  gioirllit,  28 


HlBieLrooltr  ouiiiU,  34 
AxliojllDduofFDiUaJi 

BaetcrlE.dsTi!li]piDeiil  o[. 


4 

coDtneUUlT  M 

f.  aiT. 

ID  rnocUon   Ot 


mlftunlclu.lM. 


BariV,  Mwtln,  on  Wood  eorpmcl 
oa  ciliary  moTemoiita,  TS  ;  on 


fta;  Qni 


,  iDil  An|»  on  rciplrmUon  if 


Built,  curaini  fluid  (or  Injcflnng  60 ;  «a 

Anono,  b(»t  in  Bputau  of.  S7S. 

cllUirj  fflotemtnt,  78  ;  fennln^  nutUr, 

Ancbidloaold.lU. 

j«tl,g  fluid,  tJS;  Uniolur,  <rf  ^^ 

Anblmedn,  principle  of,  lln. 

8« ;  tta»r}  of  oolWoraMion,  64.            ^ 

Ar«  «™!n.l,  884 ;  pdluold*,  3B4. 

Baiiraont  on  SI  MkUb'i  ho.  loa. 

AiwUr  lUaoc,  IB.            

Be<Urd-1i  daflnlUBii  orilfc.  IM. 

Am«dillo,b.lro(.2«8. 

ArBoiaoon.rv««1l,«, 

McUgnl'i  pll«  in  mounring  onfmu  ba^ 

tsmtn.  XU. 

BeciiaerolkndRndlirsnblDKl  tn  dlB^w. 
gta ;  on  ehfinHlrj  of  blood,  S40. 

Art.ri.1  blood,  colour  ot,»l. 

Artarlo,  tuastlDiu  ot  [bo,  21S  :  iLruelurs 

urine.  S6T.                              r—   —  ■ 

of,*4. 

AMbcnon'i,  Dr,  binugm  membruie,  SB. 

Bell,  Blr  ChulM,  EiutcUneBU  on  mlaal 

Aieilofc  2n                     ,    .       „ 

cord,  SOB  ;  on  mouuUr  »n»>.  84*7^ 

Anbnlt.  dfctih  bir.  442;  Jofcn  RcM  "b. 
iM ;  node  ot  MHoring  penou  luRnlne 

•"r,;.VKn.sn,»«s:i- 

min,  2IW  ;  on  formation  of  pm.  l3?« 

t«ni,a34. 
AitMto  atsdiB  ot  Ampitra,  140. 

AOTlsn.  eipUutlon  ot,  4IB. 
AlhtnnHnry.  IM. 

ftoe  ol  llmewUer,  44;  (heorr  of  ggL 

Atom,  drfnllloi.  of.  », 

fnrmtUoD.  B4  :  Ibeorf  ot  ib.  na..MM 

oflnh.wHfc«t.4iO-                 "-«— ■ 

Senn^c  Mid  in  nrlne,  ITT. 
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Berfreon  and  Kastos*  anapnognph,  229 ; 
description  of,  661. 

Dcrjut'd  amalpramatinfc  fluid,  520. 

lierlcclej  on  jellow  mould  in  pheasant,  440. 

Bernard  on  acid  of  gastric  juice,  464 ;  on 
action  of  bile  on  gitstric  juice,  203 ;  on 
curara,  82 ;  on  electrotonus,  172 ;  method 
ofprep.iring  glycogen,  405;  on  glycogenic 
function  of  the  liver,  251 ;  on  the  nerves 
9f  the  sulivdry  glands,  105  ;  on  paralysis 
of  taste,  334  ;  experiments  on  pancreatic 
juice,  201  ;  on  section  of  sympathetic, 
3j5  ;  on  smell,  33i) ;  on  kpinal  accessory 
nerve,  322 ;  on  the  portal  circulation  in 
the  horse,  224  ;  Woorara  experiment  on 
muscular  contractility,  531 

Uerzelius  on  chemiciil  composition  of 
faicerj,  271. 

Bezuld.  Von,  on  nerves  of  the  heart,  821 ; 
on  rapidity  of  nerve  current,  287. 

Bibra,  Von,  on  analysis  of  bone,  02  ;  on 
muscle* ash,  75  ;  of  tooth,  87. 

BichaU'  definition  of  life,  184. 

Bichromate  of  potash  battery,  154. 

Bidder  and  Schmidt  on  amount  of  bile, 
250  ;  on  quantity  of  digestal  fluids,  204 ; 
on  a  case  of  gastric  flstuUi,  108 ;  on  acid 
of  gastric  Juice,  454  ;  on  intestinal  juice, 
2'>l ;  on  amount  of  saliva,  105. 

Bile,  description  of.  2i>3  ;  as  an  excretion, 
250  ;  action  In  digestion,  2U3  ;  action  of, 
on  chyme,  201  ;  analysis  of,  465  ;  colour- 
ing matters  of,  32 ;  effects  of  drugs  on, 
253  ;  as  aflecting  colour  of  fieces,  272  : 
estimation  of  fkt  and  cholestrin  in,  455  ; 
estimation  of  solid  matter  in.  455  ;  mu- 
cus of,  455 ;  Noel's  test  for,  4*8  ;  quantity 
of,  204  ;  reaction  of,  455  :  spec. tic  gravity 
of,  455 ;  in  the  urine,  484. 

Bile  acids,  as  albuminous  derivatives,  12; 
as  excretions,  250  ;  modes  of  separating, 
450  ;  and  pigments,  optical  properties 
of.  457  ;  Pettenkofer's  test  for,  458 ;  tesU 
for,  458. 

Bile  pigments,  mode  of  preparing,  457 ; 
silver  oxide  test  for,  458. 

Kilhartz  on  nerves  in  electric  Ashes,  100. 

Biiian' acids  in  fteces,  273  ;  calculi,  nature 
of,  458  ;  concretions,  280. 

Bilifuscin,  chemistry  of.  33. 

Biliphsein,  chemistry  of,  33. 

Bilirubin,  chemistry  of,  33 ;  reactions  of, 
457. 

Biliverdin,  chemistry  of,  33  ;  reaction!  of, 
457. 

Bii>olar  nerve  cells,  65. 

Birds,  fecundation  in,  381  ;  fungi  in  cavi- 
ties of,  44u  ;  Kainey  on  lungs  of,  226 ; 
siHsrmatozjids  in,  38U. 

BiAchoff  on  biliary  acids  in  fjeeces,  273  ;  on 
development  of  ovum,  283 ;  on  spinal  ac" 
cessory  nerve,  322. 

Bismuth  test  fur  sugar  in  urine,  48L 

Bladder,  development  of,  300. 

Blake  on  rapidity  of  circulation  of  poisons, 
210. 

B  anchard  on  development  of  tape  worm, 
4'JO. 


Blane,  Sir  Gilbert,  on  reflex  actions,  311. 

Blastema,  deflnition  of,  68. 

Blood,  description  of,  239 ;  amoant  of,  in 
adult,  241  ;  analvsis  of,  447 ;  in  Bright* s 
disease,  243  ;  Cnauveau  on  rapidity  of 
circulation  of,  210 ;  chemical  constitu- 
tion of  the,  230  ;  circulation  of  the,  212  ; 
colour  of,  231  ;  colouring  matter  ofj  81  ; 
alterations  of  blood  in  structure  in  diseaae, 
243 ;  diseases  of  the,  246 ;  efltects  of  respira 
tion  on,  231 ;  estimation  of  albumin,  440  ; 
of  coagulum,  440 ;  pf  colouring  matter, 
440  ;  of  extractive  matter,  448 ;  of  Cat. 
448  ;  of  fibrin,  448 ;  of  iron  in,  460  ;  of 
mineral  matter,  448  ;  of  serum.  449 ;  of 
water,  448 ;  function  of  the,  241 ;  gases 
of,  452  ;  morbid  conditions  of  the,  241  ; 
in  nutrition,  230  ;  portal,  description  of, 
240  ;  pressure,  mode  of  measuring,  658 : 
rapidity  of  the,  210  ;  specific  heat  of, 
125  ;  spectrum  analysis  of,  82  ;  tests  for 
stains,  462  ;  in  urine,  487. 

Blood  corpuscles,  61 ;  in  cholera,  03 ;  colour 
of,  01  ;  chemical  constitution  of,  62  ; 
effects  of  disease  in,  03 ;  functions  of. 
05 ;  Uewson  on  origin  of,  210  ;  origin 
and  development  of,  64 ;  effects  of  re- 
agents on,  03  ;  shape  of,  01 ;  sise  of,  62 ; 
structure  of,  64. 

Blood  glands,  description  of,  206  ;  develop- 
ment of,  896  ;  functions  of,  200 ;  general 
descriution  of,  207. 

Blood  tubes,  84 ;  contractile  movements  of, 
b5  ;  development  of,  85  ;  functions  of, 
86  ;  structure  of,  84. 

Body,  human,  weight  of,  111 ;  Bccrhaave 
on  the  blood,  242 ;  theory  of  error  loci  of, 
64. 

Boiling,  phenomenon  of,  120. 

Bone,  description  of.  Oo  ;  practical  analvpis 
of,  493 ;  canaliculi  of,  90 ;  chemical 
composition  of,  92;  Haversiam  canals 
of,  00  ;  lacnnsB  of,  90  ;  structure  of,  90 ; 
transformation  of  cartilage  into,  93 ;  re- 
generation of,  94 

Bone  tubes,  89. 

Bones  of  the  ear,  derelrpment  of  the,  888  ; 
middle  ear,  348 ;  Heunholts'  model  for 
shewing  action  of,  573. 

Bonnet  on  development  of  aphides,  414. 

Bowman  on  action  of  ciliary  muscle,  342 ; 
on  cochlear  muscle,  347  ;  on  decussation 
of  optic  nerves,  344 ;  on  fatty  liver,  261 ;  on 
the  retina,  338 ;  on  sarcolemma  of  moacle, 
73  ;  on  structure  of  kidney,  266. 

Boyle  on  Qreatrakes'  cures.  869. 

Borelli  on  blood  corpuscles,  64;  on  the 
microscope,  497. 

Bothriocephalus  latus,  development  of,  400. 

Bt'ittcher's  test  for  sugar  in  urine,  481. 

Uoscovitch  on  effect  of  eve-piece  of  lluy- 
ghens  in  correcting  chromatic  aberra- 
tion, 602. 

Bottytis  Bassiana  in  silk  worms,  439. 

Brachet  on  sympathetic,  826. 

Braid  on  monoideism,  867. 

Braidwood  on  development  of  mnscalar 
fibre,  63,  76. 
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Cerebellum,  development  of,  391  ;  experi- 
ments on,  ^4  ;  fuDCtion  of,  314  ;  Histo- 
logy of,  303  ;  Pathology  of,  'Aib  ',  structure 
of  ii^nuUr  layer,  303. 

Cerebral  disorders,  362. 

('ercbric  acid,  preparation  of,  404. 

Terebro-spinal  dis«)rdcr)i,  863. 

(.'erebro-spinal  nenres,  316. 

Cerebrum,  '1%'1  ;  development  of,  300  ; 
eflfcct!!  of  rcmovinp;,  21^5  ;  e.xperiments 
on,  'j^\  ;  Histology  of,  204  ;  pathological 
effects  on,  2y4,  'iuT. 

Ceruminoui  gland.s,  266. 

Cerutti  on  smell.  :i30. 

Chulaziferuus  membrane  in  egg,  300. 

Chara,  morementd  in  cells  of,  38. 

Chauveau  on  contagia,  104 ;  on  rapidity 
of  circulation.  210. 

Cheeks  and  lips,  structure  of,  103. 

Chemical,  altorHtion.s  of  the  blood  in  dls- 
eane,  243  ;  action  of  light.  143  ;  elements, 
3  ;  Physiology,  444  ;  rcagentn  in  Histo- 
logy, 618. 

Chemistry  of  the  tissues,  2. 

C'bevallier  and  Uenry  on  analysis  of  rollk, 
405. 

Chevalier  on  the  microscope,  408. 

Chloral,  an  antagonist  to  strychnine  and 
Calabar  be4n,  315. 

Chloride  of  ammonium  in  tis.<<nes,  28. 

Chloride*}  in  tissues,  28  ;  in  urine,  estima- 
tion of,  467  ;  of  potassium,  excretion  of, 
by  kidneys,  261 ;  of  potassium  in  tissues, 
24  ;  of  sodium,  excretion  of,  by  kidneys, 
2(>1  ;  of  sodium  in  tissues,  'i6  ',  in  urine, 
as  affectetl  by  disease,  467. 

Chlorine  in  tissues,  4. 

Chloroform,  effects  of,  on  brain,  368. 

Cholffimia,  blo<Hl  in,  246. 

Cholvstrin,  chemistry  of,  19  ;  in  bile,  250  ; 
mo<le  of  pre))aring,  446. 

Cholophseiii,  chemistry  of,  33. 

(  hondriu,  chemistry  of,  11  ;  preparation 
of,  4l»3. 

Chorda  dor^lis,  structure  of,  3:M. 

Chorda  tympani.  a  nerre  of  the  tongue, 
193 ;  to  salivary  glands,  106. 

Chorea,  363. 

Chorion,  development  of  the,  3^. 

Choroid,  340. 

Chosaat  on  starvation  affecting  tempera- 
ture, 247. 

Christison's  method  of  ascertaining  amount 
of  solid  matter  from  specific  gravity  of 
urine,  463. 

Chromatic  aberration,  nature  of,  140 ;  how 
correctcMl  iu  micioiicope,  501. 

Chromatic  .«icalo,  102. 

Chromic  acid,  use  of,  in  Histology.  620. 

Chrzonsxczewsky  on  the  btructure  of  the 
liver,  2|W. 

Chyle,  analvsis  of,  453  ;  corpuscles,  60. 

Chylous  urine,  4^. 

Chylitication  and  .sanguiflcation,  ^5. 

Chvuie,  description  of,  2jl.  j 

Cicatricula  in  vi^f:,  ZW.  \ 

cilii.  description  of,  77 ;  in  Fallopian 
tubes,  376.  j 


Circulation,  arterial,  215 ;  of  the  blood, 
212  ;  capillary,  217  ;  in  the  cranium, 220; 
history  of  controversy  regarding,  228; 
in  the  lungs,  224 ;  in  erectile  tissues, 
2i4  ;  in  the  foetus,  description  of,  234  ; 
changes  In  the,  at  birth,  226;  experi- 
ments on,  561 ;  forcM  producing,  212 ; 
in  the  liver,  240  ;  Marey  on  the  forces  of, 
210  ;  experiments  to  measure  the  rapid- 
ity of.  6;>7 ;  organs  of,  development  of, 
880  ;  in  portal  system,  223 ;  venous,  218. 

Circumvallate  papllUe  of  the  tongue,  833. 

Clarke,  J.  Lockhart,  on  decussation  of 
posterior  columns  of  cord,  3l4 ;  on  de- 
velopment of  muscle,  63,  76  ;  method  of 
examining  cerebelltun,  303  ;  on  spinal 
cord,  283 ;  on  structure  of  spinal  cord, 
300 ;  on  structure  of  organ  of  smell,  320 ; 
on  transverse  section  of  nerve-tubes.  05. 

Classification  of  the  diseas et  of  inoerratlon, 
362. 

Cleavage  of  the  yolk.  883. 

Clefts,  brandiial,  887. 

Cleland  and  Banks  on  the  development  of 
testes,  308. 

Climate  affecting  the  liver,  252. 

Clinical  examination  of  urine,  488. 

Clitoris,  development  of,  808. 

Cloaca,  307. 

Coagulation  of  the  blood,  241 ;  different 
theories  of.  241. 

Coagula,  softening  of,  243 ;  coagulnm,  esti- 
mation of^  in  blood,  440. 

Coathupe  on  amount  of  air  in  respiration, 
it28. 

Cohn  on  disease  In  house  flies,  480. 

Cobbold  on  development  of  tapeworm,  400. 

Cochineal  insect,  30. 

Cochlea,  development  of,  383 ;  structure  of 
346. 

C<L'lenterata.  reproduction  in,  373. 

Cohesion,  loO. 

Cohnheim  on  pus  formation,  70 ;  on  passage 
of  white  bloMMi  corpuscles,  210. 

Cold,  effect  of,  on  tissues,  518 ;  on  aplnal 
functions,  368. 

Colding  on  heat,  124. 

Colic,  ^M. 

ColUtdon  and  Sturm  on  compressibility  of 
fluids,  114 ;  on  velocity  of  sound,  ISj. 

Col  lard  on  menUl  faculUes,  288. 

Colloids,  118. 

Colloid  cancer,  270;  disease  of  thyroid 
gUnd,  207. 

Collongues  and  Uaughton  on  mnsenUr 
sounds,  131. 

Colostrum,  description  of,  4>8,  404. 

Colour  blindness,  343. 

Colour  of  fibre  on  grooved  surfaces,  140  ; 
of  races  of  men.  30  ;  of  the  urine,  450 ; 
of  thin  plates,  140. 

Colouring  matter  in  blood,  description  of, 
31  ;  estimation  of,  440 ;  of  the  urine,  34. 

Colourless  corpuscles  of  the  blood,  paaiage 
of.  according  to  Cohnheim,  210. 

Colours,  simple  or  compound,  141. 

Columba  livia.  tho  progenitcr  of  all  tame 
pigeons,  418. 
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Dental  tabes,  86  ;  ttrnctare  of,  80. 

Dentition,  nerves  in,  824. 

DepOMlts  in  urine,  4S0,  487. 

Dermis,  structure  of,  264. 

Descartes  on  reflex  action,  811. 

DeM:imet's  membrane  330. 

Development,  of  the  alimentary  canal,  893; 
of  the  aphides,  414;  of  bees,  412  ;  of  the 
blood  glands,  895  ;  of  the  chorion,  3$(5 ; 
conclusions  as  to,  402 ;  of  the  body  on 
efl'ect  of,  on  amount  of  carbonic  acid,  231 ; 
of  the  organs  of  circulation,  380 ;  of  the 
cranium,  387  ;  of  coral  reefs,  410 ;  of  the 
ear,  302 ;  of  the  embryo,  383  ;  of  egK  in 
birds,  300  ;  of  the  ey«,  8»2 ;  of  the  face, 
3>i8 ;  human  ovum,  308 ;  of  infusoria, 
423  :  of  the  kidneys,  806  ;  of  the  limbs, 
388  ;  of  the  liver,  304  ;  of  molecules,  86  ; 
of  the  nervous  system,  300  ;  of  the  nose, 
30J  ;  of  the  ovum,  308  ;  of  the  pancreas, 
305 ;  progressive,  disctiasion  of  theory  of, 
402  ;  of  salivary  glands,  385  ;  of  the  skull, 
387 ;  of  special  organs  In  the  embryo, 
386  ;  of  striated  muscle,  76 ;  of  the  supra- 
renal capsules,  301 ;  of  the  organs  of 
respiration,  805  ;  of  the  ureters,  ^  ;  of 
the  urinary  bladder,  890  ;  of  the  urinary 
and  (generative  organs,  806 ;  of  the  organ 
of  voice,  305 ;  of  Wolffian  bodies,  300. 

Diabetic  sugar,  26 ;  preparation  from  urine, 
470  ;  tests  for,  in  urine,  480. 

Diabetes,  blood  in,  245.        , 

Diathermancy,  128. 

Diastaltic  actions.  864. 

Diastolic  sound  of  the  heart,  218. 

Diamagnetism,  146. 

Diaphanous  bodies  in  morbid  products,  44. 

Diarrhoea,  274. 

Diatonic  scale,  132 ;  dl-chloride  of  tin  test 
fur  sugar  in  urine.  481. 

Difference  tone  apparatus  of  Appunn,  677  ; 
description  of.  576. 

DilTerentlation  in  growth,  176. 

Diffraction  of  light,  137. 

Diffusion  of  gases.  122. 

Digestion,  conditions  fitvourable  for,  190  ; 
in  the  intestines,  2ul ;  rapidity  of,  20u ; 
of  various  kinds  of  food,  20u  ;  influence 
of  nervous  system  on,  108 ;  secondary, 
239 ;  In  the  stomach,  107- 

Disease,  of  cerebrum,  207;  effects  cf,  on  che- 
mical constitution  of  blood,  243 ;  effect  of, 
on  amount  of  carbonic  acid,  231  ;  effect 
of,  on  the  pulse,  216 ;  affecting  sweaty 
2t^  ;  effects  of.  on  urine.  260. 

Diseases  of  the  blood,  245 ;  of  nutrition, 
277  ;  of  reproduction,  440. 

Discharge  of  fluid  through  tubes,  110. 

Dispersion  of  light,  13S. 

DivisibiUty.  107. 

I>obie.  Dr,  on  structure  of  muscle,  74. 

Dot;,  derelopmeut  of  ovum  in,  383 ;  varie- 
ties of,  418. 

Dolland  on  the  microscope.  408. 

Donders  on  movemeatsof  the  brain,  222; 
method  of  using  lielmholts's  ophthal- 
mometer, 570  ;  on  hypennetropia,  348. 


Donne,  on  blood  corpuscle,  04 ;  on  putre- 
fkction,  437. 

Double  consciousness,  phenomena  of,  307. 

Dowler  Bennet,  Dr,  on  temperature  in 
yellow  fever,  248. 

Doy^res  injection  of  chromate  of  lead,  623. 

Dreams,  phenomena  of,  355. 

Drowning,  death  by,  233. 

Dropsy,  277. 

Du  Bois-Reymond  on  cutaneous  current, 
160 ;  demonstration  of  animal  electricity, 
106 ;  on  electrical  fishes,  161 ;  on  elec- 
trotonus,  172;  on  effects  of  electricity  on 
nerves,  07  ;  on  evolution  of  electricity  by 
nerves.  07  ;  experiment  to  shew  current 
in  living  body,  686;  galvanometer  of, 
140  ;  induction  apparatus  of,  520  ;  key 
of,  528;  modification  of  Bernard's  ex- 
periment on  contractility,  631 ;  myogra- 
phion  of,  645 ;  on  nerve-current,  160  ; 
non>polarixable  electrodes  of,  584;  on 
par-electronomy,  ti67 ;  polarixable  elec- 
trodes oC  680 ;  rheocord  of,  542 ;  theory 
of  muscular  current  of,  167. 

Duct,  common  ejaculatory,  880 ;  develop- 
ment of,  807. 

Ductus  arteriosus,  889 ;  venosus,  develop  • 
ment  of,  804. 

Duge's  definition  of  life,  184. 

Dnjardin's  sart^e,  104 ;  on  development 
of  tapeworm,  406. 

Dnmair  theor  v  t.f  compound  radicles,  6  ; 
theory  of  chemical  balance  of  organic 
nature,  7. 

Dupuy  on  sympathetic,  325. 

Dust,  nature  of,  428  ;  examination  of,  from 
different  localities,  420. 

Dynamical  theory  of  electricity,  147 ;  of 
heat,  124. 

Dysentery,  274. 

Dyspnoea,  283. 

Dxiersou  on  development  of  bees,  412. 

E. 

Ear,  analogr  to  eye,  840 ;  bones  of,  348 ; 
cochlea  of,  846 ;  development  of,  372 ; 
Eustachian  tube  in,  340 ;  external  ear, 
848 :  histology  of,  345  ;  labyrinth  of,  347 ; 
middle  ear,  848 ;  model  of  Ilelmholtx  for 
explaining  the  mechanism  of  bones  of, 
678  ;  muscles  of,  840  ;  organ  of  Cort(  in, 
846  ;  semicircular  canals,  847  ;  suscep- 
tibility of,  to  vibrations,  130 ;  tympaniun, 
848  ;  vestibule  of,  340. 

EbulliUon,  126. 

Ecker  on  the  cochlea,  846 ;  on  stmctare  of 
organ  of  smell,  820;  on  structure  of 
kidnev,  250. 

Eckhard  on  development  of  muscle,  75 ; 
on  electrotonus,  172. 

Echoes,  180. 

Eclampsia,  863. 

Ecstacy,  357. 

Edinburgh  Committee  on  effect  of  drugs 
on  secretion  of  bile,  258. 

Edwards  and  Balzac's  experiments  on 
food,  180. 

Eflluvia,  nature  of,  828. 
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with,  549  ;  of  I'fliiger,  description  of,  541. 

Myopia.  343. 

.Mvopic  eye,  measurements  of;  by  Knapp, 
■57.». 

Myosin,  snalysis  of.  401 ;  chemistry  of,  10. 

.Myristic  acid,  chemistry  of,  22. 

N 

Vachet's  pocket  microscope,  506. 

Nails,  structure  of,  269. 

Naphtha,  use  of,  In  Histology,  524. 

Naples,  sewage  in,  331. 

Nasse  on  analysis  of  chyle,  458. 

Natural  selo  ;tion.  description  of  415. 

.\eers,  hammer  In  induction   apparatus, 

527. 

Nelson,  Dr  Henry,  on  development  of  tape- 
worm of  cat.  4(i6  ;  on  the  development  of 
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ml:  al  OHMnwiURn  tii  ttouai,  W;  nl 


kl  ol  bnla  tnd 


U,  ilcierlpHim  uhI  limdUoo  m 


;  itiu^viloiaiHt  ul,  Wi. 


i.lM;  raining  I  _  ., ,___ 

uubIo,  m  1  piD«n],  of  the  tiiaun,  100. 

Froplanlo  Hid,  ohemliiUy  of,  31. 

ProMpm,  chsmiiti7  of,  12 ;  pn[«ntS(n] 
of,  US;  FMCtiotu  of,  IS. 

FntO|Aj1a,  ounlunllDn  of  coll*  In,  W, 

Pialoplum,  dauiltloii  ot,  SO. 

Protuioa,  nptoduethm  of,  S13. 

Front  gn  urine.  ISS. 

ProilmilB   prlnulula,    dsHnlllon   ot,    T, 

FiTiMliu  bli'ie,  liiJoclW  Buld,  II2S. 
l-jychoIOR-,  BBS. 

IVilln,  chcminiy  of.  11;  mDdii  of  pn- 

IWIDM.  US ;  tu  Hllvil,  11)4. 
Puborty,  377. 
Pulm  pawtnni,  3S1. 
FdU^,  pn^mun  uC,  111;   Dikupla  In 

PalmonuT  unulMlon,  3X1 ;  ojiuilatlon 

of  Uie  blood,  111. 
Pulp  d(  Inolh,  MniDtun  ot,  SB. 
FulH,  tBeal  nl  ife  on,  tie;   effect  ol 


—   it,  :ia :  eBecl  of  pot- 
__. ttlKX  of  »ei  un,  £!<); 

ot  ol  lino  at  lity  on,  210. 


Ralk  lutlii,  IL.. 
VMiacj  on  lunn  «'  l>■'ll^  SW;  < 
Dular  lonuktlaDi,  37;  oa  doM 
3Mi  on  fonoMlon  of  . 
fram  ilHHnu  hI  uUohl4S; 
VBlloni  an  •Uroh  gnouloa,  ST. 
Ramnlun  on  K  '  "        ' 

lUDO,  Ml.  _ 

Rl^idlly   of  oIniulitlOD  of  blaod^fl 


I  reiplnUau,  Us  ;  « 

Ion,  US. 


R«uLe,  Wlnwood,  on  Bvigo  Atrltui  RJ 


ul  chjli 


RsnocUan  ofllght,  1 


RetnutUon,  iluiible,  Itl :  uf  tlgbt,  IH 

RctraoglhlHty  ul  light.  ISfl.  ^ 

BelchBTt'i  eonneeltvi  tisuc  tl 


» 


ol  Bin  hi 


Katnhult  on  hliy  dcetnirmUuii  ol  «1I 

Kfliilvt  irelEht,  111. 

Bcoiiik.  huid  of,  in  n>rvs  tuba.  M;  t 
deVFloplBmt  ol  Uw  U»Br,  W  ■  -•■ 
KOUlkir  UD  iIivalopDwDI  at    i 


liAdi,  ■D>1  MDH  or  mliu,  S» ;  at  Ooril, 

mo:  Tiinstioiusi,  lu. 

Kolniida-i    •i»iHv«DU    Ml    bnln.   ISt : 
Hi.ui  *.  deTilapmanl  ft.  ttH. 


qiUHtrlleDlilU,  MI. 

Rojnf  on  nuiul  hcullln 

Bnboikertri  tBdasilui  oe 
RuBlnil,  Oouni.  vn  htiil, 


HcrMIOB  o(  Ml*,  313. 


>1  et   iHrMcd  dillf,  lU  i 


.iDUOf, 

IWluUanelpalmiiDn,  ItM; 

uBtiir 

er.su. 

S4UwT«U,asT<Bii 

nt.  «r  BOlK 

»^(taa^*»>rlp 

•Tjioi.; 

lo">u.dll[e>^l<aMU 

?c.*T»s.      ■  "^ 

(UtnUBB.oriTHKi 

teruroniiiueuliuls 

.uk 

S*».liiIl»u».K. 

CMJ  0( 

[■RlK    IIU 

s5s£"i:5 

l»l>. 

B4relB.rhtml.>rrnr. 

SuelnB  In  urine  «8S 

e.rw>l>U«  uid.  ofanlMrr  »t.  ST. 

1.13. 

BuT.rt  an  prwliBllBn 

irUpnpcrtT 

Of  hilr, 

rmtuiatlRoi 

«.IU: 

>»lX!rlB»u.<.n«n 

nd.  «<)>, 

SUTon""  Wwirt  WT" 

«lf,  at ;  an 

.«Iop. 

EeWTI.  iltilBlllDn  D^.  tl 


»rbonli?uliJ  Tnm  loUb 

umul  (MBlu™,  we. 

Mbolitaud  lufiron  npl^lLjol  ■ 


tluorj  of  ecU  lurnBtioa.  U, 


__,  .  pro™,  MO 
Bight  or  nUiiD,S 
erjfns  of,  SSI. 
aaielc  Bcld,  113 ;  In  ortae,  Ul- 


taow  certfcied.  tOU. 
SvhjIUOKope  of  Mot  Allun,  IIT. 
BphlinBBfnpli,  Munir'i  iTucrliilloDDr.lita: 

Mw*f* irIpK.ua:  Vt(roT<li't.-JIT,tU, 
Bphinuanpbie  liutiw,  diMrlpUon  uT, 

BphrcBOMnM  at  OiHimk,  tit ;  or  8eM 

Allion,  dfKnpilOD  or.  UA 
Bp>iniin<w|i)iana  uf  Uphun,  21T ;  d»crJp- 


oFooi»«iuin, 
iDlpfaar  in  tlw 


inbilincH.  at. 
D  tluui-.  3D. 
ir,bTkldBm,»1;ln 

on  la  UMBtt.  U ;  la 

MHamlDulln,  IB; 


Bul|.bi 


iltttrlelir.  IM. 
SBmuilsB  IDii*^  dmripilon  at.  fn 

toBftr,  iM:nn«ilnii  at,  la  urrni,  sa) ; 
Biulllan  prooa*.  Ms. 
Bapn-nul  ttfaUt,  AddUoii'*  dlHux  of, 
aoO:  dueilpUBn  at,  ma;  d«*MguiB«Dt 

SnUiErliuid  OB  air  Rqnlml  bt  boipltBl 

BimniDrrdsBI  Kl  Ih«  Bilcro-OAp*.  IM 
Sirui  H  illiGIrd  bjcolil.SH;  bj  pnvtre 
of  ihioir,  9M;  rbod,  IM;  p«rfad  ol  Uw 
itaT,  Wt ;  HKHiD  of  Ola  •ou'.  VB ;  l*iil- 
peninrg.  U» :  *nount  sT,  Wt :  ebnilaiir 
oT,  IW ;  (toudh  lanctlaiu  o(.  aH :  twnl 
(laodi,  nnaMr  nt,  3iU. 
Swirduh  flIMr  i«)>*r.  lui  ef.  In  npalnciu, 

gwlfit.  dmlopaKnt  of  Uvmni  In,  SSt. 
SrlmWr,    nglliod  ut    mlurlnf  pvnon 
-  -"ijxbilml.  vM, 


•^DtlfXblM 


pnpcrtLA  of.  3SI ;  oeltivi 
Bi4iarrp'«p*rilii*Df  St;  H 

^;rritonJn,  TiriMraUoa  at,  til. 
Bnilillla,  blood  In,  Ml. 


SM;   irnlntnM   o 


^TWBBilc  clrentatloB  nt 
Br>to1l<:uan<loflhabi 
BbbidiaidToa  tautltat 


n  blood,  iia. 
Ipcplllaottongut, 


dntm  atltmf.  dHcMpllan  or. 
.  at  at.  In  UliMlair.  S3) ;  dt- 


o(,Ssr 


T«u(iU«  ulA  \ti  «ni><L 


Toliiiiiincterorilelilenbaln.iliHCrilitlanaf, 'Trirli«llu.,r<irRiMiinn 

M7.  ,  TraJrwTiniUi.  innvvoii 

Tftnndnn  clrctiiont,  lAO.  Tmiict.  wij.  XVT. 

ruth,  chemleil  oompiMl  ion  et.  ST  ;  d(- 1  Tra<><]dintl(in  ••rea«R 

Kriptl^mot.  IJii  nutrili  nt,  491;  (one-   Tmalou  liseiitria  In 

tU>iiiinr|iBrlsi>t,i)-i:iKilr>ihof  sbnMiiiv  !     4:3. 

mflk  tcMh.  IIU ;  ilioclur*  at,  gS  ;  tuIc-    TrcTiiatoila.  3«i. 

tien  of,  IW.  ,  Trntliai  n<i  an  th«  cxi 

Tlilnt  ucl  hanrrr,  evi<«<  at,  ISL  nlU«  >  oT  lir».  1  SI. 

Tliviwt,iMi»ll<itaiF.  U3J.  'Trlrliliirui<a>cMiien«, 

IThrriniHlrclrlTll]'.  |-0.  Irifitciid  narve.  317  ; 

TJKiWflunilnuiu  bITkIii  o(  Uia  ■■iTinIc    Tii|>  bwuBcr  ct  PBi 

Thierwli't  tiijt'Miiie  nnid,  SS*.  Trlpla  phonptMte  of  n 

Tb<iiiipuii.J,>liii.iinli-at.l21  |     mun.Sni  ;  UKdni 

Thnm'..n.  Itofc-wr  !Hr  W.,  on  the  AMri-  ■  TriiiiiiiM,  Ms. 
lilliiT  at  iu>ii«r,  lOi :  K^i-nouxlu'  of, ,  TrU|>lAni-liD<rn*rr«<i 
14!>,  proiKTim  of.  323  ; 

ThoiuMiiB,  Allfn.  on  iKlerownonlH,  121.  |Knl«k  of,  SI'S ;  mii 

Tliiullnin  IIU  llii!  ootniiiinx  natln  ol  Ihr  Triimmn'ji  Imi  rnr  tui 
bill.  31;  nB  fiiiurewrnce,  li'i ;  nn  ■  TiiIhtcI*.  2T8  ;  cwiia- 
luBonlo-eiT'iuilliii,  81;  oa  o.-linirlnn  Tiiiie.  •IrBnlilnoi,^.  m; 
mittf r  nf  Uw  nrliin  34.  ThIkh.  air,  K4  :  dTrFi « 

d<'wrl|Klaa  ul,  SOT ;  do-       4:11 :  hl<  m,  K4  ;  b<, 


, '.^i:r,  I  TulniM  KHtiiitferf   Hir 

■urinm,   Tllmtlons   prwlucloF,    TU:Tn«  Inn  «ni^,j(.4n 

anne>-<t(e. Ihroi^, n.                      1  Tiin<ni  albnvlDei 
nll-dc-munU  □(  Cii  ef ' 


.,   .,    'i>  ■nintl*  al.  In  itniTth,  '     vii>:iniilK  IMrniBlliii 

S^M :  filino*  Bicnrat*  or,  Ti ;  nntp  at   Tunihnii'ii  blue  Injn^i 
liJiHjtInit.  ill :  niulfl  nf  pivpirinR  fnr  !Tur|4n  nn  ilrrvlnini). 

niKr*>H'o|Hcii]  n*^,   ;VIT:   lnfliw*nio  ulo- 1     hil'lf  irlftHiTn.  4  a*. 
lif  -ititiir.  4  ;p<i;Kr^iEinn  of.<i:.'l  '.  m^ida    TTm]KLnmn,  tlio,  ni^l 


LXDEX. 

I  Uwh 

roccM  mr    Urwbudln  °r  ll< 


It  1  tItvtU  at  « 


Urahcmnlin.  ebsmUiiT  of.  U. 
Urorbudln  il  ll«]l<r.  34. 
Urguutbln.  clitmlstrr  at,  U. 

UL<m>,  dorslniiaiiiul  tt.  107  ;  ctiuirn  Id 

UtnrulU  In  Ui«  MT,  SM. 

V»™nl(»  ol  Hml«J,  13. 

ViiotiUn  mi  uiinnnl  nf  hl<^~l.  141;  linir 
of.  Un  :  on  npUltr  ul  eircukllon.  titi 


;ii '.'.I'  >' I   '.-.l.>-M;chiBil«ti7    Viilarlculil,oh«ia,  • 

sr.  13  ,  dirlv olives.  13 .  (tarrod'*  led  fnr,  i  Villi niarU.  niDTiinie 
4Ia>  siAia'*  lilt  for,  «»  ;  Wit  far  in  I  Vipuim,  nuiM  of,  1' 
•  BTtM,  4TB  i  u  ■  HHlliiiuil  Id  nilM.  4US.  |  Viuaiwlln  on  uh  nl 
htninr  MnnrMMni,  wa  ;  Dr|an>,  darelnp-       nl  Wr,  K'H. 
K«Dl  («:  SM.  '  V<i<  drTcnni,  330, 


rvlntmtfit   of.  107  ; 


In,  tU;  •uuDtnr*  tf. 


Uppurla  „.H 


kKiUla  In.  4M.  lactM  uiil  la.  i' 
iMclii  In.  *» ;  mnsw  In,  ttl ;  adox 
H  aOKIiul  br  f<«id  or  ilnici,  M . 


bhoqiliaii' 


nlirjT",  Ul :  funelluna  <>t, 


In,  IU^t<-: 
OfDChroma  gtiaoUalrjr  ef,  34 
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Weber,  ou  the  fuMtloiu  of  lab^Dth,  SIT ; 
vJtpcviiuent  on  muKulaf  ramtrvctDXU, 
178  ;  on  npldltr  at  drculaHon.  219 1  oa 
.,___    ..  ^la tompmtiirij. 


HI  tor,  M  -. 


VoUtlon,  pbmuinKiim  of,  ITS,  SOD. 
Volknunn  m  rapidity  of  blood,  410;  o! 

poalUoii  of  objecta  as  Ben  bf  the  «ye. 

his :  hmudtumoiuoMr  o(.  na :  daoip 

tlon  to,  W7, 

a1eeM(flW,U»;  irile.lSt. 
Valtain,  battcrla,  lit ;  elcoliiclty, 
TdiinieHIc  iHuljsta,  >pwntui 
metbod  of,  404 ;  mods  nf  EOuuireuug 
ptooesi,  tee;  [or  phoepta&M  In  urine, 
tWi  ICr  aiinr  in  urine,  481 ;  [or  um 
in  urine,  4TI 
VarUoolIit,  formitlon  d,  17  i  tfiai  Bbn  In 

Vowel  notindi,  forauiUaii  ol,  tii,  EBO. 


T  la  InduoUcn 

WiTlue  on  lurgidtty  at  dlluy  nraceana, 

34S. 
Walker  on  cnntrMllon  or  the  pupil,  341. 
Wnlib  oo  tba  torpedo,  1SS. 
WuxteD  on  leryngDvcope^  C78. 
Wirdiof  hoipllals,  woDUiit  u[  >lr  reotilred 

tor.saa. 

Water,  aoiauut  nl,  oilikled  from  lungi, 
S46  :  eitimition  ol,  in  gutrio  Join,  4M 
'  u  ■  connUtxionl  oribeliuRuiu  body,  90 . 
cUlnwUon  ol,  !u  blood,  448. 

WucrbouH  on  the  Uibbon,  4tD. 

WAtvn-.  I>r,  on  mucultstlou,  !19B ;  on 
•tructuie  ol  tbc  luugi,  tit. 


UUiy,  SI;  OB  fir- 
iremeol  of  k  liTptr- 


in  ot  time  of  chUdbMiini, 


iSi  -.  pbjilolegfcia  affesLa  of, 
Wrlcbt  ou  Aocon  iheep.  4Ifl. 
WuDdl  on  eleslrotoniu,  1T3. 


„,  /nr  ■■  Pulyln."  r»-uj  Ptyilln. 

.  ,.„„...„,..,,„„    /,;■■■,■,,,"  na'l  O. 

l/ar"tto.'"a<lllw. 


ERRATA. 

6  from  top,/Dr  "  kOc 

iiD  top,  BM((  "  Spem  ut 
■n  boiKm,/gr  •'  PoinlcnII 

.    mtop./sr  "[■  IncwMed,' 

,   17In«t«t>,  f«r''tlBmulruinat«',' 
Sinnntiiii./iir  " 


»,  IS.  Mid  IS  rron  bottom, /or'"  illHilcd." 

Bfnmi  bmtotn./or  "(4iDnmil,'*riBi/a]  ~ 

7  from  tnpi/sr ''  ktHarptlan  or  d«cump< 
Will  abaurptlnn. 

S  from  bollom./lw  "  tind»n(D."  •»■''  "' 

4lB'mb«tl<im,/or"MVBii."  rraif  tUtn 

fl  fnm  top,  itfl«r  "  to,*'fii/mffK«hel|i1  . 
lOlTDin  hottom,  (ftiiF  "  coiivulned,"  IrSrtdrtt  and  Uwcyc  la  tunal 
omnrOt. 

It  Iram  iKttom./tr  "  nutvanla,"  riad  lawirda. 

0  rrom  buttnm,  ,^  "  EDlt&r,"  rriuf  I^kor. 
IStnuD  lop. /or  ■■  opllialniotroj-ii."  rauI  opht)w!n»tTnp«. 


,    11 

,  ti  (miB  bottom,  ft 

,  KUnim  lop, /«■ "  diflor. 

,  S  (rum  bolWni,  /sr  "  |w 


...    ,.      4 tram Ixntom, /gr " immniiDiu,'* nod norvonlDiu 

l,ahDUldt«S«ll. 

-   ■■  ID  ISIromboKom, /iir"(F1|(.  *,  *toS),"rMiI  (Pig.  3, 
,    IOtromhottnm,/lir"(yig.)l  ■iwri,rMd(h|t~ 
,      a  Irom  top,  /w  "  p«rl«bm.-'_pmd\nl«l)r». 

,  lOfrolo  top.JSrr  '■oerelnul,"  rra-l  centnl. 

,  lTfrombuVt«ni,>r"nH*i<-ri!>.-'r«niiniMont»rt< 
,      II  from  lop.  tfMt "  wwilri);,"'  Inlra-lvcr  Irom. 

,  Wfrombotlom, J4r"tlir>reild,"™iJtt>vrBM. 

,  10  From  botlom.  /itr  "  lii4«]blpd," 


tram  Up,  dnck  flhan«t*r  la  iunrimi 


,"  TTwJ  iwhrofwUo. 


..tjii' 
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'ate  II.— Molecular  Elemrnts  of  the  Tissues. 

nn.  1,  I'lirMwarraMMUHCi^jroImilii.  <■,  FLtisIf  niuJwuliir  nuiB ;  A. U(riB- 
(iil»  mfjrlnit  In  •its  »  ibid  in  niUk :  c  Moleculw  laxrsplal  In  ktouib  i  ■*.  Hf>- 
t^ytlcmnlwulutniiuhrukandini'nnbmiutUiuBCpp,  M,  XT). 

t\s.  i.  Fatly  lltttaitai/taipnMai  trgmiulalcu1wlliiHdut1iiD,uiil  pranEnUnn  U» 


(.«.  nwe<i><faiKM4fair6iHH>li<(/'t'*<,Ir<>iniiriKviu 


uont.    <L  Oval  body  vunlklnlng  n' 


I  ruiinB  lUKu  of  dovdop 


^^  Ahgl«  uf  tjrynUli 


ruuudgd  nR ;  A  ovoid  nil  lornix ;  d.  all 
Kl|{,  £.  A  pntictl)'  liTinnl  glnlnjlir  nr 


or  vrfirt>]  dliliiUvnUng  (p.  U> 

aild<7>4iil«i4  ftirbnto'ifrfriiH.  ulbarinirii  UnHrailHw.  (mui  Ih 


r  lime  (nUFn  nsaabllny  iT[>ltb«]luii 


HI  ul  micr,  itnlght.  i.-iirTt-l.  ■» 


UnlBCuUt  ur  tnullitanHH  tn 


t.  timti  niDlwulo.  I 


mBmauiurfaa«!A> 


b  Uuit  uiilun  UiiteUMr  M 


mpiinitol :  r.  ■4o[ni|KUan  <<  oiolcailii  lgiislh«v«  or  laslllnf  loceUiar  ut  buMr 
b>  Iwm  iOtIm  :  /  i^tlB-tlk*  nolMuUr  nktmmO^-lftMrtiPi^  M,  (T,  IS). 

*,  onml  bj  cmiiia  aiilihaUnl  nsiii  in 


n«.  It  An  Amdba.  ■  eonlnslUi 


aoWcnka  in  iilcn«M  »Ut  la  tb«  ikiD  ttf  ■  Int  (p|i,  a»-W). 
nt'-  1T>  IB.  !>'  [)ta«™BUp>MBtotr  -d  MtttaOar  ftalan—  (ni  41,  tfX 
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Plate  Ill.^Celi  EUmetiU  of  the  Tissues. 


of  fresh  chjlc.putly  co«tnLti^t«*l,  i 


chyla« 


nhling  Id  fg 


coNnired  «>ri«« 


holBlt  uftheBgun. 


■riyni 


iirh  oorpuKlM.    1 


IhdKSwl 


...  aSHly  mnlBculu'nuUI,  lliB  molSL-uIu  Iwdiiit  Uic  utvls.  On  tfairMltof  Dm 
Dffun,  Um  flhitUMwl  oouuium,  with  thg  oorpuKlcii  ■ntuiKlnl  tn  It.  Thcaa  ■» 
glDbular  In  (h*  oonlra  «  Ui»  omwuIud,  but  tUUancd  uu  KuUorm-aluqisd  lo- 
nidi  Uh  aut^  (p.  M). 

FIk.  t.  Clflt.    Most  gl  uetle  *cM  on  thcfldil  lAjlo :  ehjls  eutpiucln  rcDdoml 
fl&AjTar  uhI  morv  opaqiM  with  thlckvtiail  nurvliui.    ftia  Itmvih  «niiud«i  nivro 
"  oKMHt). 

n  binod  cortnuclB.    On  th«  ]aR  «t  Um  tlcun, 
■'    thii  (umi  ul  «*tti»«  <|i,  (n> 

ng.  I.  KnM.  Aiwnd  lormi  m  huinui  btnvd  tvrpusclsa.  wiml  by  lUgbt 
■rtniiunitUni  of  Uh  fluM,  or  tram  HhllnK  <lei»  wA  rbcous  luluthiiu  (p.  oa). 

FW.  &  Blaad.  Allcrad  tonn  urI  niude  of  (inrngMlini  nf  Mood  cocpu*''"  *'>■'■ 
tha  Mml  !■  luuled  wHh  llbrliL    Bm  >1»  I'liiU  IV.  IV(.  I  (p.  83). 

Pig.  A.  jnasd.  Bloud  carpunclB  (mm  dinsnut  uilmitls.  a.  Pnm  prouua :  t, 
Htuniuklar  :  c,  trog  i  d.  th>  auiH  iftcr  Uir  aiMlilnii  of  kiiIIduIiI  ;  c  bird  ;  /. 
cuuclMu  ;  ff.  Hdi ;  uid.  t,  <nb  (p.  U). 

Fig.  T.  "Insd.  AppHrmnoa  nl  humui  Mood  *tWr  Uw  uldltion  nt  ruubiiIb 
<ehlorlils  of  SoMiillliia).  d.  {OM  dUiuclfnO  l  t.  tha  Ka»  (tKM  dlunatin),  tbaw- 
lug  thai  tho  dark  motH!ii]e«  on  tba  oLreumniraiua  ara  crjriiala  (p.  PV}. 

"■     "     ~  IT  addlUun  of  •alutlon  ol  luiala 


Kid  (n-  w). 


FW.l 


I  IihIIiui  (KM  diaoMtan) 


I.  aietd.    Hi 

ng.  11.  JHdod.   m 


I  ftjipar  group  aj 


!(■  wMi  hv  dlrnl  liuhl.    The 
>tro«(p.«l> 

ng.  1&  JUaidL    Blood  oorpuHlaa  In  Icusoiq'lhJBIuU  (p.  t*), 

Ilg.  It.  ThisniaaatWrl>»iddlllonofiMvUo>eld(p.  H). 

Kg.  li.  Mima.    Maojut  oofpiuDlat,  fltmi  Uu  taiim. 

rig.   Id,  Mi-rm.     Tha  luiia  altrr  ths  aridltluu  of  anlic  add. 
mnlKular  Rbrw  ot  mucin.    Beealu  Plate  IV.  Ilg.  I. 

rig.  IT.  ffu  o/rpMdv  (p.  IW). 

ng.  18.  Tha  lasKT  afiar  Iha  addlUan  nf  aoitk  add  (p.  «). 

Pig.  ID.  Ihtf  tartnada.    rmm  tb 
IVaUnamMnbraii»lp.«»> 

ng.  niUHd.  iiroup  of  Uny  bi 

a  hyallrw  mcDibmn*  {p.  W)> 

Pig,  n.  Meal    Oroup  ut  tiiiniaa  blood  oonKmlai  troB  an  ipoplsnIlD  clot,  ni 
ruuiulad  l?  •  ttfOat  manbraiw  Ip.  Wf. 

Pig.  n.  Sraantg  aJK  In  trwi  from  aotlMwd  bnln  (|^  TIV 

Pig.  St.  Ctnar.    DUtsrval  tunw  <i<  wnnr  ealli  Iv-  II). 

Tig.  14.  ^lA^rcte  ei»x*«Ad>  frvu  tbe  lung  (p.  T1}. 

ng.  U.  Tba  luu  trui  the  addlUoo  of  acetic  acid  (p.  7t]- 

Plg.  IS.  7U  Hfb  <p.  SO), 

Fig.  V,  rtemml  «lti.    o,  Ftom  human  lung :  t^  fmn  tba  akin  at  trog ; 
tram  choroid  manabnuia  (p.  ST). 

Pig.  W.  Jl'tnt  erfli.  nr^tng  gnaUr  In  tonn.  a.  Oral,  from  gaBarUn  gw«lloi  . 
i.  glohular,  Imm  the  lanH  ;  e  oval,  or  roirad,  from  carabelliun  1  4.  M-polar,  frvn 


ganglion  o<  pomarlor  root  vl  iplnal  mm:  >  maltl-pDlar,  from  anlnal  iwd  :/. 
bnntbadon  om  Mt.frtin  giej' nalur  o<  cerebellum:  f ,  trtaivulai',  tron  gn^ 
.HMrsf  aamhrum  ;  I.  Irom  ajmpatlKiUF  gugDon  ut  fnig,  "lia  aplnl  prinni, 


Plait  IV.—Fibrem  EUmmIs  of  the  Tissues. 

fbta.  *lt)i  intrrrpontil  nudil  la  mudn  {p.  n<). 

rt*.  2.  Mntenitar  fbm  In  lilond  IomIrI  wlih  Obrin  (jk  TS). 
X-tOcar,  or  ilaHicfetUmJIira  (p.  rit> 

Pig.  «.  4rirsl  tUaHc/lbra  winding  miin'l  ■  liumllc  of  wUIm  mwIu  tlmii  from 
Ih*  hue  <4  th«  tnlD  <p,  TO). 

n».  B.  Cta.«tra  Innwd  by  aaraiUoB  U  ludfono  wlk  (p.  7a\ 

rfg.«.   fn<'WaNDhir.nnalnnnod)i;(I>lltUi^{upuf  flbnaII>(|i.1T). 

FIk.  I.    Diindle  ol  Uio  wmc  iifMr  Um  lulillllan  ol  a»Uc  (qld  (p.  TT). 

rv.  B.  tNaeniDiiuUi!  vhm  ol  ll»  ilEwlopnunit  ul  iiivJnir,  ur  dulie  l^mc 
a.  ^tuelm  ;  t.  »U  ;  g.  nndmu  nhmgaUiig ;  A.  elooe'iiiiA  Hut  lir>tiFh«l  nuoM  tn 
rwtghhourinjr  '^■U'  uhIiJqic  ;  e  t,  nuthji  In  iKl^liliuurtutf  tolla,  *>  imlUj^  m  to  form 
Uie  ■pinl  (p.  Td). 

fit.  0.  ItavdDpnwBtof  MtOramlarHuuc.  a-abniiOl ;  ft.  FlhnnllEiilargliii; 
1«ncUi*mrii :  /  rtlll  furthtf  olongded,  ■  w^allqil  tuMona  »ll  •plltUnt  lU  1»tb 
•ada ;  d.  ■  Dim  na  ([iHIUbi;  up  al  una  anal.  vhI  lumilm  wlilw  ucolir  U»in> 

H).  10.  auiolyHifirn.^.  tpldsTmlc  cell  fplllcinc  up  wlih  1l>  nuclius  ;  b.  iriil 
darmU  nil  tmiifuniia]  Uitu  fllin>,  nuclew  luvliif  dtwpiainil  (]>,  TD). 

Fig.  It  ytidiar  cnUrailiti  JOtt,  Mlb  ■roondal  ioi<>wuIu  head.  ••  inSpmna- 
lortld  (p.  7B). 

rig.  IS,  'Imfrnrtn*  ««.«»«,  !•  In  iiob-vuIudui;  Biuael*  (p.  17). 

Fl|.  14.  TTio  Hiu  nftw  Uw  ulrilUnn  it  taVc  iMlp.n), 

rig.  IS.  OmtmrtflijH™  KmiiiInK  tRMo  «plUi*U»l  "ll»-  tW*  <P>  TT). 

Fig. !«.  A  FllUUd  •tHllMlUI  etn  titan  hlgbl;  nucnllad  (p.  H). 

Ftg.  U.  rshMtory  imihU.    ValiuitarT  muBolu' (ueleuL 
(p.  I!). 

Pl(.  IK  TniHTdw  wtUun  or  roluntary  niuda.  itmA 

Fig.  18.  VulunlUT  RiuKiUv  (hoIcuIib  •■•UUlni  up  tnmninal;  (p,  *S). 
Klg.  W.  Vc^udUij  numbr  lurtrulwr  iiiUtHiv  up  InncitudlwUr  (p.  nx 
1^.  XL  ValuuUfT  muHuht  bwclculiw  ntlsr  addlUun  ot  uUc  add  (p.  V4), 
P1(.  n.  VdIuiiIiu7  laHKiiUr  lioMnlM  ruptuml,  nhewliv  Hnohuiina  (p.  71). 
Rk.  BL  LlTlnicToliinlvT  muKiil*r(iKleuliBi>n>rKUIUiiD  olie 

F1|[.  U.  SiniMuti  of  Tolunlwy  nuHiilBr  BMHb  (p.  Tl). 
Pte.  v.  tnUiMU  flbrllta  nucnllKl  ina  diuaelm.  abi 
mid  lUrlt  ipw^  «  Ukl ».  Id  dUtoml  fM)  (p.  '<}. 

nc  K  BttHctmma  tf  i-*Mtor  ;an  «■  O*  nitpn-  <L  KbcU  n 
k  imliKukr  blutniB ;  t.  BiKlai  uructd  In  rnwn,  wttli  Dh 
Ed ;   K    Um   iidcM   ■[■mal.   M(b  turthar  dll 
*•  ftrto  n|i)«AHB|f  Ib  Uh)  nwlaciiti 
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jy»ta  V.~Tubulaf  Elements  cf  the  Tissues. 

rtet  n 

RudSllmc 

ng.  I.  JtooJ-reitdf.    BtrustunulBuiutlJ  bluuJ  lube. 
uoubruw ;  b.  iiiicM  unn(od  ImuvsTHlJ' :  e.  roundnl 

>.  Tbiid  iiKinbniwwlth  inniltudUttl  nuojal ;  b.  laurth 


Bl(p.M). 


(p.  M). 
Pig.  4.  SI»d-Hugtl.    EluUc  out  or  flith  Edatnbnne  al  ■  blood-v 
Fig,  (.  Booi-taML    BpinI  amiigsiiKiiit  ul  tuidlunn  ulli  nnind  ■ 


luD^ttudlnd 
iIUd«  llwK  WIUi  Uin 


Fig.  r.  nmlDnKiii  eT  Mood-Mtis'i,    a.  TrUngalv 

neaaUr  lamuia  oplUu^:  A.  liuUanu  oslli  iiggraA— ._  ..„ 

TIB]  ;  &  Ikvsnut  celt!  forming  Ihaaijataal  itbluod>taa>r:  d.  «U  bnoehlng 
Hum  ■  n»el ;  I  toif.  lUnllu  hnMhlng  veUi  In  racant  iiiuIiUdii  (pp.  fin,  gtf). 


Fig.  10.  nsO,     Longttudlul  HcUim 
iDtcigtobiilM  nilMMwa  itl  ihs  JudmIud 

'  — • — •(|iii,Hii,8;> 
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Plate  VL — Structure  of  Cartilage  and  Bone. 

Fig.  1.  Cartilage,    Section  through  the  uilcular  auilaoe  of  %  metfttanua  bone, 
100  dUmeters  linear  (p.  88). 

Fig.  2.  Cartilafft.    Section  of  a  cartilage  of  a  rabbit*B  ear.   250  d.  (p.  88) . 

Fig.  S.  Ftbro-eartHaffe.    2fi0  <L  (p.  80). 

Fig.  4.  DUeated  oortila^— Fibrous  degeneration  of  cartilage  from  diaeaaed 
Joint.    250  d.  (p.  99). 

Fig.  5.  JHuaud  cartdige.  Endogenous  multiplication  and  bunting  of  ceUs  in 
pulpy  degeneration  of  articular  cartilage.    260  d.  (p.  89). 

Fig.  6.  B<mt.  Vertical  section  of  a  long  bone,  shewing  Harersian  canals,  and 
their  anastomoses.    20  d.  (p.  90). 

Fig  7.  BofU,    Tranverse  section  of  a  long  bone.    260  d.  (p.  90). 

Fig.  8.  Bone    Vertical  section  of  a  long  bone.    260  d.  (p.  90). 

Fig.  9.  CartUage  etUt.  a,  b,  e,  d,  «,  /  Fisdparous  multiplication  in  articular 
surface  of  a  long  bone  (p.  88) ;  a  A.  Endogenous  multiplication  from  a  relvety 
or  diseased  cartilage  of  the  femur.    400  d.  (p.  89) 

Fig.  10.  Varioui/mmu  of  lacuna  and  eandUeuH  in  bone,  a  a.  Simple  irregular 
cavities  from  an  ossification  of  the  pleura  ;  b.  from  human  bone  ;  c  a  lacuna  next 
the  Ilaverslan  canal,  with  most  of  its  canaliculi  towards  the  canal ;  d.  lacunsB  and 
canaliculi  from  the  boa,  also  next  the  Haversian  canal ;  e.  canaliculi  without  a 
lacuna.  260  d. ;  /.  lacuna  and  canaliculi  shewing  their  mode  of  anastomoeis. 
600  d.  (p.  01). 

Fig.  11.  Oui/leation,  Transverse  section  through  a  portion  of  fostal  vertebral 
bone  shewing  commencement  of  ossification.    40  d.  (pp.  98,  94). 

Fig.  12.  Ossification.  Vertical  section  through  the  epiphysis  of  the  tibia  of  a 
now-bom  liittcn.  a.  Cartilage  cells  arranged  in  rows ;  b.  cartilage  cells  shrunk 
within  their  cavities ;  e.  cartilage  cells  still  filling  the  cavities ;  d.  s.  cartilage 
cells  on  the  surface ;  /.  calcareous  ridge*  between  rows  of  cartilage  cells,  forming 
canccUi  and  Haversian  canals.    260  d.  (pp.  98,  94). 

Fig.  13.  Ouification.  Vertical  section  through  a  foetal  long  bone  shewing  com- 
mencement of  ossiflcation.  a.  cartilage ;  b.  cartilage  oells  arranged  in  rows  ; 
c.  mineral  matter  deposited  between  them.    40  d.  (p^  93,  94). 

Fig.  14.  Ossification.  Transverse  section  through  oaifying  cartilafe  of  a  catf. 
a.  Empty  cartilage  spaces ;  b.  shrunken  cartilage  cells  breaking  down ;  c  tnuia- 
verse  section  of  calcareous  ridgm.    260  d.  (p.  93, 94X 
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Plate   VIL — Molecular  Theoty  of  Organisation^  as  Illus- 
trated by  Development  of  Ascaris  Mystax^  after  Nelson. 

\Su  PhOoiOifkical  TrantaetUmt  of  London,  vol.  142, 1852  (pp.  48-49,  et  teq.)]. 

Figs.  1  to  4  Repre»ent  the  hiHtogonotic  ohuiges  which  take  place  among  the 
molecules  depottited  in  the  ovarian  tube  of  the  female  worm,  until  the  fully 
maturated  ovum  (Fig.  4)  panes  into  the  oviduct. 

Fi{(.  5.  Contact  with,  and  entrance  of,  the  apermatozoida  into  the  ovimi.  This, 
the  act  of  Impregnation,  is  followed  by  gradual  aoluticm  of  the  spermatoaoids, 
while  the  germinal  vesicle  is  stiU  visible. 

Fig.  0.  This  also  soon  dissolves,  and  the  Interior  of  the  ovimi  is  now  reduced  to 
a  mass  of  histolytic  molecules.    Some  spermatosoids  still  undissolved. 

Fig.  7.  Formation  of  a  chorion  externally— spermatosoids  dissolved— germinal 
vesicle  still  visible. 

Fig.  8.  Both  spermatosoids  and  germinal  vesicle  fully  dissolved.  The  histolytic 
nu)lecu)<»  dense  in  the  centre,  but  beginning  to  clear  up  at  the  circuunfereooe. 

FigH.  9,  10  shew  these  molecules  clearing  up  still  further,  when  they  meet 
together,  concentrate  themselves,  and  form  histogenetic  molecules. 

Figs.  10, 11  show  this  process  completed,  and  a  membrane  forming  round  them, 
■-mother  included  cell  is  developed,  as  in  Figs.  11  and  12. 

Fig.  12  shews  the  nucleus  beginning  to  divide. 

Fig.  18.  The  cell  now  dividing  into  two. 

Fig.  14.  The  division  complete. 

Fig.  16.  Each  half  separated  into  other  two. 

Figs.  16, 17, 18, 19,  20.  The  process  of  division  is  seen  going  on  in  these  figures, 
until  another  histolytic  mass  of  molecules  is  produced  in  Fig.  20. 

Fig.  21.  This  mass  begins  i*}  clear  up  by  coalescence  of  the  molecules,  which 
again  become  histogenetic. 

Fig.  22.  They  have  now  united  together,  and  concentrated  themselves,  and 
begin  to  separate  from  the  vitelline  membrane. 

Fig.  23.  A  cup-shaped  deprewion  now  appears,  which,  passing  through  the 
mass,  forms  a  ring. 

Fig.  24.  ThU  ring  is  now  seen  to  be  divided  at  one  place. 

Fig.  26.  The  two  ends  of  the  ring  now  elongate,  and  cross  one  another,  and  the 
molecules  go  on  coalescing,  to  form  the  body  of  the  worm. 

Figs.  26,  27.  The  worm  now  becomes  spiral,  and,  on  the  bunting  of  the  vitelline 

wall. 

Fig.  28.  The  perfect  animal  la  extruded. 


Plate  Vlll.—Physical  PreperiUs  of  the  Tissues. 


Flm.  1. 1.  rUgrMn  ihawltig  tlw  emtn  nt 
fnvll}'  In  B  Dun  wlUi  uul  wlibaut »  bunltn 
on  h[i  huk  <p,  lOT). 

ng.  3.  Uta^nunoli  IgreroIUiiilitatdnr: 
R,  mliunce  ;  P.  uoviir-,  FuJrnim  In  l)w 
Bontrelp.  1IS\ 

Ptg.l  DiigrunDtllcTsraltlwad order: 

'fie.Sh  big«r*iDotiliiT(iraf theUoidar; 

'ina.  fl.  ADaiiuiipholuiaUwilerollevar 

]iw  In  opsnUig  lb*  nHHith.  BafaUnse  ■• 
Uniporml  miude:  nilemm  It  tha  flHwid 
«ill)r  In  temponl  boiw ;  Pamr  !•  tnletkit 


ottlw  Htnunlui 
■ahllbx  (p.  112). 

Flit,  a  Aninaun|il«o(UM3ilonlnolleT<ir. 
HiBUi  in  flvKloDatDuallmii  Joint.     KgiliL- 


■  plHW  mlrrnr.    A  B.  pluie  nt  ml 
voutob-irv«r:  M  H,o£]crtltflnni 

CincllKotnn,  II  IVMF.MU,  H,pruc«d-,N 
N,  ths  object  u  MID  In  ih<^  m)iT«r  (p.  135). 
PIv.  tt.  UliHcnia  ahewlng  reflection  rmnt 
1  BHiTU  mltmr.  A  B,  Tha  luifHc  ul  Um 
■dIitot:  E.«jrDtoliMn'gr;llN.uhJ«li<Ki>, 
abject  la  inn  bAMd  tliD  mirror  rMund  la 

flH  (p.  13«> 

Pfff,  t£.  IHa^prBm  Btaetdrv  TDttoctInn  from  k 
nnan  mlrTor.  AB,  Suilkosirthg  mirror ; 
If  N, object:  ■■■.reflBclwKmwrodiK.iallil 
dxa,  iDvortod,  Kbil  fi</Wre  Uto  nurror  (p.  ISAV 

Pig.  13.  VufouiIonuinllniH:  l.^ouU* 

r,  daublfl  amnirf];  V,  pluiMUhanj  t*. 

FIk.  !4.  Cniuj  ol  Iialitnil  nw  itanAxt 
dmibk  relruUan,    Sh  diiKripUau  {p.  14ti 

Fttf.  U.  Nlobol'i  prbn  tor  t)>n><^  nut 
am  dl  ttie  r«r>  «'  poUrlnd  Uicbt  (p,  UQ. 

F1|r.  30.  AmrwAMnl  lo  ih^wtH  rvfTUfl- 
Ulltj  nl  Hiht.  ^  P.  ShuUETi  B.iqwclar* 
In  Uw  HDU :  A  B  C,  priun  of  glua :  B,  tv 
ut  I1(ht  whkh,  liurtHj  d(  pn«*]ii«  In  Bw 


IH(».ll)). 

•n.  IlluxtnUlnit  I^nl'i 


l>  dcUrr 
pi- I! 


by  Ihe  nKrcun-  (P- 1 

FTt(.  U.  A  ■Imriitr 
ths  upiKT  mirtUB  nl  th*  Hiild  nmote,  tiM 
tuba  hrInK  wiUol  by  Oh  wUor  (p.  llfl). 

FIc.  li,  AniDduutuHpMot:  B.tub*b>'In« 

■Mmod  m  twi'r  (p.  iini. 

mMu  of  duFwilitn  thnjufh  a  bJuoif roiatal 
tlaiK  vhlcta  fluU  li  Itovltig  (p.  11s). 

PlR.  liV  Poliarulle'B  tuba  bjr  eiparlnianU 
span  Iba  dlKhiu(e  of  Bukla  Uiroufh  S» 
lubaa(p  IIBJ. 

FIc.  IT.  AnuHinnit  ci<  nrlauilr  tonnad 
lubiii,  A,  B,  C,  D,  E.  uul  F,  all  eunununl- 
iaali«  iriUi  iIm  rcaarvDlr  L  U,  to  nbaw 
hrlruatatk  tquUlbrtum  tp  lit). 

TV.  I*.  A  l«miiH(er.      A.  tuba :  B  C. 

mamir;  In  tubr  (n  lEl). 

dUarntnitBtlnnl  thThi>iHuiv[il»{nllU1, 
t\t,  1^  A  ahronuUi?  aimla  lormed  ul  nm\- 

Mui,  ahavtiw  Um  aluiriB  Mnl  flata  of  ibc 

pataral  nstaaV  ini> 
Fig.  IV.  DIvw  ^>ali|  nSniUon  tren 


prinutlci 
PW.  17. 

HulUoa  (p,  1^ 


11  ul  Tvliaiecltetileltr  « 


canaoua  meiala.  Z.  ilnv  (■>>W :  C.  «p|iar 
plaU.  ArTi>inabndlracUoni<tb*«UR«M 
(p.  UO). 

Fif .  RO.  AirmntfRDant  to  ahaw  tha  produa. 

nil  of  BO  Indund  nr  Pandleourrail  of  sMo- 


(H  IM). 

Flf.81. 
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Uie  III. .,!'..'  -    -I  .i.vtrtdD. 

A,  F.l..iir,.  ■■..:.  ■    :Ii|i.  !««). 

Pte,  .'fi     i'  ■■.'.ii.i ■    '.■■■■    Ml   Du-Boto 

Beyniijihl'r  hyi'iihctioBE  jxrlh^lAr  aJcetrlad 

la  Nimpnaad  (p-  1B7). 

Pb.  Sf.  OWwnmMlo  rtaw  rd  Rr  Hkd- 
ellBo'i  hrpnthiUcKl  ■lortriml  cf  llndMa  oso- 
poalng  niiweulai  libra,  ahaiiring  ■   — — " 
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Plate  IX, — Function  of  Nutrition. 

Fig.  1.  View  of  the  nutritive  system  of  a  dog— modified  from  Bernard.  A. 
CEsophagus.  B.  Lungs.  C.  Vena  cava.  D.  Liver,  E.  Stomach.  F.  Spleen. 
O.  Keceptaculum  chylL  H.  Pancreas.  I.  Duodeniun.  J.  Entnui<^  of  biliary  and 
hepatic  duct.  K.  Jejunum.  L.  Heum.  H.  Ctecum.  N.  Colon.  O.  Rectum. 
P.  Kidneys,  with  the  supra-renal  capsulet  above.  R.  Urinary  bladder.  8.  Thorado 
duct,  through  which  the  chyle  passes  to  join  the  blood.  1.  Parotid  gland.  2. 
Salivary  gland  of  Nuck.  &  Submaxillary  and  other  salivary  glands.  4.  Jugular 
and  subclavian  veins.  6.  Situation  of  thymus  and  thyroid  glands.  6.  Entrance 
of  the  thoracic  duct  into  the  left  subclavian  vein,  near  the  jugular.  7.  Left 
auricle.  &  Right  auricle.  9.  Left  ventricle.  10.  Right  ventricle.  11.  Gall 
bladder.  12.  Vena  port»,  which  conveys  blood  from  the  intesUnet  to  the  liver. 
13.  Mesenteric  glands.  14.  Lymphatic  vessels.  16.  Lacteal  ve«els.  16.  Branehea 
of  the  portal  vein.    17.  Ureters. 

Fig.  2.  Structure  of  lobule  of  parotild  gland  with  its  duct    20  diam. 

Fig.  8.  Epithelial  flattened  cells,  and  globular  salivary  cells,  and  molecules  in 
the  saUva.    260  dianu 

Fig.  4.  Action  of  acetic  acid  on  two  salivary  cells. 


Fig.  6.  Closed  follicles  covered  with  blood  vessels  in  the  tonsiL  00  diam. 
{KoUUeer.) 

Fig.  6.  Follicular  gland  from  the  root  of  the  human  tongue,  containing  closed 
follicles,  a,  a.  epithelium  ;  6.  surface  of  .follicular  gland  ;  e.  cavi^  of  the  gland ; 
d.  follicle  in  the  thick  waU  of  the  gland.    20  diam.    {KUUker.) 

Fig.  7.  Vortical  section  of  a  human  drcumvallate  papilla.  A.  central  papilla ; 
B  B.  drcumvallate  papilla ;  C  C.  Depression,  or  fossa  surrounding  the  central 
papilla  ;  a.  epithelium  ;  6. 6.  nerves  of  the  papilla ;  e.  seoondaxy  papilla.  10  diam. 
(KoUiktr.) 

Fig.  8.  Fungiform  papilla  of  the  human  tongue,  o.  epithelium  ;  p.  secondary 
papilla.  10  diam.  {KUliktr.)  a,  6,  e.  elongated  filiform  papillc  of  the  human 
tongue.    100  diam.    {Todd  and  Bowman.) 

Fig.  0.  Section  of  fungiform  papUla,  shewing  distribution  of :  a.  artery,  and  «. 
vein,  forming  capillaiy  loops.    18  diam.    (Todd  and  Bowjman.) 

Fig.  10.  Mucous  glands  and  ducts  in  the  oeeophagus.    26  diam.    (Donden.) 


^ 


^ 


Plate  X, — Digestion  and  Chylification, 

Fig.  1.  Section  of  mucoos  membrane  of  the  stomach,  shewing  above,  a,  follicular 
depressions,  and  below,  6,  the  gastric  follicles.    10  diam.    (Frerida,) 

Fig.  2.  Follicular  deprefl8ion«  with  the  opening  of  four  follicles  on  surface  of 
mucous  membrane  of  the  stomach.    200  dlam.    (.FVeridU.) 

FigB.  3-7.  The  terminal  or  secreting  end  of  gastric  follicles,  with  the  gastric  cells 
in  various  stages  of  formation  :  (3)  molecular  contents ;  (4  and  6)  formation  of 
nuclei ;  (6  and  7)  formation  of  gastric  cells.    200  dlam.    (JVerftdU.) 

Fig.  8.  Structure  of  a  gastric  follicle,  cut  obliquely,  shewing  above  ;  a.  section  of 
cylindrical  epithelium  ;  h.  seen  from  above.    260  dlsm.    ( TTatmaim.) 

Fig.  9.  Isolated  cells  from  gastric  follicles.    (#VerieA«.) 

Fig.  10.  A  large  Peyer's  gland  occasionally  seen  below  the  gastric  follicles. 
ISdiam.    (Frerieki.) 

Fig.  11.  Portion  of  the  contents  of  the  same,  shewing  molecules,  nuclei,  and 
cellM.    200  diam. 

Fig.  12.  Glands  of  Brunner  below  the  villi  in  the  duodenum.  20  diam.  (FrtricMi.) 

Fig.  13.  Olands  of  Peyer  below  villi  of  small  intestine.    20  dlam.    (Frerkkt.) 

Fig.  14.  Extremity  of  a  villus  shewing  columnar  epithelium,  vessels,  and  com- 
mencement of  lacteal  duct.  a.  fine  lines  at  the  external  margin  of  epithelial  cells. 
400  diam.    (Leydig.) 

Fig.  15.  Villiui  of  small  intestine,  the  extremity  and  centre  filled  with  fatty 
molecules  during  absorption.    200  diam.    (Prtrickt.) 

Fig.  16.  Villus  without  epithelium,  having  lacteal  distended  with  molecular 
matter.    200  diam.    (Freridkt.) 

Fig.  17.  Structure  of  epiUielial  cells  from  intestinal  villus,  shewing  their  lateral 
adhesion— the  external  layer  with  fine  lines.    600  diam.    (/Vcy.) 

Fig.  18.  Qn)up  of  four  epiUielium  cells  from  Intestinal  villus,  seen  from  above. 
600  diam.    (fVey.) 

Fig.  19.  An  aggregate  patch  of  Peyer  shewing  follicles,  shut  sacs,  and  vUlL 
10  diam.    {BcAm.) 

Fig.  20.  A  solitary  gland  of  Peyer  surrounded  by  villi  with  their  chyle  ducts. 
30  dlam.     (Jeickmann.) 

Fig.  21.  Vertical  section  through  a  patch  of  Peyer's  glands,  a.  villi ;  b,  glands 
of  LinberkOhn  ;  c  Foyer's  saccular  glands  cut  open  ;  d.  muscular  and  peritoneal 
coats.    200  diam.    (Todd  and  Bowman,) 

Fig.  22.  Diagram  representing  origin  of  lacteals  in  a  villus,  aooording  to  Funke. 
a.  epithelial  cells  ;  6.  supposed  connective  tissue  corpuscles  ;  c  central  lacteal 

Fig.  23.  Another  view  of  the  same  with  flask-shaped  bodies,  described  by  Max 
Scliultze,  according  to  Letteriek.  a.  flask-shaped  body  commimicating  with  6,  a 
delicate  plexus  that  outers  the  lacteal,  e. 

Fig.  24.  A  vertical  section  of  a  l3'mphatic  gland,    a.  capsule  ;  6.  lymph 
e.  l>iu|>h  channel  ;  d.  trabecule. 

Fig.  26.  Lymphatic  vessel  cut  open  to  shew  its  valves. 


Plate  XL — Sanguification  and  Circulation, 

Fig.  1.  Structure  of  the  spleen,  a.  Artery ;  h.  trabecuUo  ;  e.  HalplghiMi  body, 
vrith  lymphatic  elemonta ;  d.  tpleen  pulp.    20  dlam.    (LeycU^.) 

Fig.  2.  Structure  of  the  supra-renal  capsule,  a.  Cortical  portion — the  shut 
sacs,  oontainiog  lymphatic  elements ;  6.  medullary  portions.    200  dlam. 

Fig.  3.  Structure  of  the  Uiyrold  gland,  a.  Fibrous  stroma ;  6.  shut  sacs,  with 
lymphatic  elements  ;  c  colloid  matter  in  the  interior  of  the  sacs.    200  dlam. 

Figs.  4-8.  Structure  of  the  Uiymus.  4,  6,  7.  Cell  and  nuclear  elements  of  fluid ; 
400  dlam.  6.  Follicular  structure ;  10  dlam.  8.  Compound  cellular  body,  sur- 
roimded  by  a  concentric  capsule,  400Ui  of  an  inch  in  its  long  diameter.    (£dcer.) 

Fig.  9.  A  cone,  produced  by  rolling  a  sheet  of  net,  with  dark  lines,  upon  itself, 
to  represent  the  course  of  the  muscular  lamlnn  in  the  ventricle  of  Uie  heart.  It 
shews  the  fourth  central,  or  transrerse,  layer,  and  the  three  internal  bgrers.  C,  G. 
TranMverse  middle  layer.  D,  £.  External  oblique  and  vertical  ligrers,  from  coni- 
cal wbiding  of  C,  C.    (Petttoreio.) 

Figs.  l(V-15.  Capillary  networks.  10.  In  papUto  of  lips ;  11.  in  areolar  tissue  ; 
12.  in  muscle ;  18.  in  lung ;  14.  in  fungiform  papilla  of  tongue ;  16.  in  mucous 
membrane  surrounding  follicles.    25  dlam.    (Berres.) 

Fig.  10.  Disgram  of  the  festal  circulation.  1.  The  umbilical  cord,  consisting  of 
the  umbilical  vein  and  two  imibilical  arteries,  proceeding  from  the  placenta  (f). 
3.  The  umbilical  vein,  dividing  into  throe  branches :  two  (4,  4)  to  be  distributed 
to  the  liver ;  and  one  (6),  the  ditetiu  venotiM,  which  enters  the  inferior  vena  cava 
(6)l  7.  The  portal  vein,  returning  the  blood  ftom  the  intestines,  and  uniting  with 
the  right  hepatic  branch.  8.  The  right  auricle ;  the  course  of  the  Mood  is  de- 
noted by  the  arrow  proceeding  from  8  to  9,  the  left  auricle.  10.  The  left  rentride; 
the  blo<xl  following  the  arrow  to  the  arch  of  the  aorta  (11),  to  be  distributed 
through  the  branches  given  off  by  the  arch  to  the  head  and  upper  extremities. 
The  arrows  12  and  13  represent  the  return  of  the  Mood  from  the  bead  and  upper 
extremities  through  the  jugular  and  subclavian  veins,  to  the  superior  vena  cava 
(14),  to  the  right  auricle  (8),  and  in  the  couno  of  the  arrow  through  the  right 
ventricle  (16),  to  the  pulmonary  artery  UO).  17.  The  d«o<«ii  oiterioMif,  which 
appeam  to  be  a  proper  continuation  of  the  pulmonary  artery  ;  the  offsets  at  each 
side  are  the  right  and  left  pulmonary  arteries  cut  off.  The  ductus  arteriosus  Joins 
the  descending  aorta  (18, 18),  which  divides  Into  the  common  lilacs,  and  these  into 
the  Internal  iliac»,  which  become  the  tmibilical  arteries  (19),  and  rottum  the  blood 
along  the  umbilical  cord  to  the  placenta  and  the  external  iliacs  (20),  whidi  an 
continued  into  the  lower  extremities.  The  arrows  at  the  termination  of  these 
veiMels  mark  the  return  of  the  venous  blood  by  the  veins  to  the  Inferior  cava. 
(JProfHMtf  irOson.) 


Plate  XII, — Respiration  and  Secretion. 

Fig.  1.  Externml  lurfaoe  of  the  lung.  a.  Air  oeUi ;  ft,  ft.  borden  of  the  snunest 
lobulea.    aOdiun.    {HarHnO') 

Fig.  S.  Internal  surface  of  aeotlonof  lung,  shewing  air  veeides.  a.  Deep  seated ; 
ft.  towards  the  maigin.    80  diam.    {RonignoL) 

Fig.  8.  Slightly  oblique  section  of  injected  bird's  lung.  a.  Spaces  between  con- 
tiguous lobules,  containing  terminal  pulmonary  arteries,  and  veins  supplying  the 
capillary  plexus  ;  h.  lining  membrane  of  bronchial  tube ;  c.  blood-vessels,  with 
large  areola,  d,  in  bronchial  membrane ;  e.  cavity  of  bronchial  tube ;  /.  reiy  fine 
dense  capillary  plexus.    S5  diam.    {Baineif.) 

Fig.  4.  Thin  section  of  pulmonaiy  substance,  a.  Fibrous  tissue ;  ft,  6,  ft.  cut 
air  cells ;  c.  group  of  epithelial  cells,  from  lining  membrane  of  air  cells ;  d,  d. 
capillary  blood-vessels  lining  air  vesicle  below  epithelial  membrane.  SfiO  diam. 
(£cfcer.) 

Fig.  6.  Two  small  pulmonaiy  lobules,  a,  6,  6,  ft.  Air  cells ;  c.  terminal  bron- 
chial twigs.    25  diam.    {KUUker.) 

Fig.  0.  Mode  of  termination  of  bronchial  tubes  tn  air  vesicles  of  the  lung, 
according  to  WaUrt  of  Liverpool. 

Figs.  7-11.  Diagrams  of  secreting  glands.  7.  a.  Basement  membrane;  ft. 
epithelium;  c.  blood-voawb;  g.  straight  foUlcIe;  h.  saccular  follicle;  <.  coiled 
tube :  8,  k.  tubular  crypt ;  {.  saccular  crypt :  0.  racemose  or  compoimd  gland : 
10.  a  lobule  of  the  same  enlarged ;  n.  lobule ;  o.  terminal  duct :  11.  compound 
tubular  gland.    (Skarpey.) 

Fig.  12.  Fatty  degeneration  of  musde.    260  diam. 

Fig.  18.  Group  of  hepatic  cells.    260  diam. 

Figi.  14  and  16.  Fatty  degeneration  of  hepatic  cells.    260  diam. 

Fig.  Id  Waxy  degeneratloQ  of  hepatic  cells. 


Plate  XIIL — Excretion  by  Liver  and  Kidneys. 

Fig.  1.  Tmunrerae  section  of  a  lobulo  of  the  hunutn  liver,  in  which  the  yeeselfl 
have  been  fully  injected.  1.  Intralobular  or  hepatic  vein;  2.  Its  smaller  branchee, 
collecting  blood  from  the  capillary  network ;  8.  Interlobular  or  portal  veins,  pass- 
ing into  the  lobule.    60  diam.    (/Sofipcy.) 

Fig.  2.  Terminal  bile  duct.  a.  Small  branch  of  interlobular  hepatic  duct ;  h. 
smallest  biliary  duct,  communicating  with  others  in  which  cells  are  seen.  216 
diam.    (Beate,) 

Fig.  8.  Small  fragment  of  a  hepatic  lobule,  in  which  the  smallest  Interoellular 
biliary  ducts  (a)  were  filled  with  colouring  matter  during  life.  600  diam. 
{ChrxoruKtev)tky.) 

Fig.  4.  Two  lobules  of  the  liver,  in  which  the  biliary  ducts  are  represented  as 
originating  in  a  plexus  towards  their  exterior.    20  diaL-.    {Kieman.) 

Fig.  6.  Section  of  cortical  substance  of  Icidney,  shewing  Malpigliian  bodies,  and 
their  capsules,  and  the  convoluted  tubes.    20  diam.    (Didcimon.) 

Fig.  6.  Injected  portion  of  cortical  and  medullary  structure  of  Icidney.  a. 
Tubuli  urinifcri ;  b.  their  termination,  by  expanding  over  the  Malpighian  body ; 
c,  d.  capillary  plexus.    26  diam.    (Ecker.) 

Fig.  7.  Malpighian  body,  b.  and  its  capsule,  a ;  c  bands  of  fibres  between  the 
tubes  ;  d.  capillary  vessels ;  «.  epithelium  lining  the  tubes.    260  diam.    (Ecktr.) 

Fig.  8.  Blood-vessels  forming  Malpighian  body.  a.  Terminal  renal  artery ;  qf. 
afferent  branch,  going  to  Malpighian  body ;  m,  m.  plexus  of  vesseb  forming 
Malpighian  body ;  ^.  efferent  bran  h,  coming  from  Malpighian  body,  dividing 
into  capillaries,  6.,  which  furnish  the  tubes.    60  diam.    {Bowwmh.) 

FHg.  9.  Malpighian  capsule  and  uriniferous  tube.  b.  Artery  passing  into  Mal- 
pighian body  ;  d.  capnule  distended  by  injection,  wlUch  fills  the  uriniferous  tube 
in  connection  with  it,  c.    80  diam.    (Bowman.) 

Fig.  10.  Uriniferous  tulM,  lined  with  epithelial  cells,  in  medullary  portion  of 
Icidney.    260  diam. 

Fig.  11.  Uriniferous  tube  in  cortical  substaaoe  of  kidney,  oontaining  nuclei  and 
molecular  matter.    260  diam. 

Fig.  12.  Commencing  fatty  degeneration  of  uriniferous  tube.    260  diam. 

Fig.  18.  Advanced  fatty  degeneration  of  uriniferous  tube.    260  diam. 
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Plate  XIV.^Excretion  by  the  Skin. 

Fig.  1.  Vertical  section  through  Uie  skin.  a.  Corium  ;  6.  epidermis ;  e.  sudori- 
parous glands ;  d.  hair  sac  ;  e.  straight  ducts  from  sweat  glands ;  /,/.  their  open- 
ings on  the  surface  of  skin  ;  g.  sebaceous  glands.    80  diam.    {KdUtker.) 

Fig.  2.  Hair  and  hair  sac  a.  Ilair  shaft ;  ft.  root  of  hair ;  e.  bulb  of  hair ;  d. 
epidermis  of  hair ;  e.  inner  root  sheath ;  /.  outer  root  sheath  ;  g.  structureless 
membrane  of  hair  sac ;  K.  transverse  and  longitudinal  fibrous  layer ;  i.  papilla  of 
hair ;  k.  excretory  ducts  of  the  sebaceous  glands ;  j.  its  epithelium ;  {.  cutis  at 
aperture  of  hair  sac ;  in.  lower  or  coloured  portion  of  epidermis ;  ».  external 
layer  of  epidermis  ;  o.  end  of  inner  root  sheath.    60  dianL    {KUliker.) 

Fig.  8.  Hair  root  and  hair  sac  a.  External  fibrous  sac  ;  h,  structureless  mem- 
brane ;  c.  the  outer,  and  d,  the  inner  root  sheath ;  e.  Junction  of  the  outer 
sheath,  c,  with  the  hair  bulb ;  /  external  layer  of  hair;/*.  Uvnsverse  fibr^; 
g.  lower  portion  of  the  same  ;  K  cells  of  the  hair  root ;  i.  hair  papilla ;  k.  cells  of 
medulla ;  I.  fibrous  shaft ;  m.  medulla  containing  air ;  n,  transverse  section  of 
medulla,  and  o.  of  the  shaft.    300  diam.    (.fVey.) 

Fig.  4.  Section  of  skin  of  heeL  a.  External  epidermic  layer ;  h.  internal  epi- 
dermic layer ;  c.  spiral  termination  of  sudoriparous  duct ;  cL  position  of  papilla 
ufcuUs.     150  diam.     {Leydig.) 

Fig.  6.  Large  sebaceous  gland  from  skin  of  noee,  opening  into  a  hair  follicle 
containing  fatty  matter.    60  diam.    (JEcktr.) 

Fig.  e.  Longitudinal  section  through  the  middle  of  Uie  nail  and  bed  of  the  nail, 
a.  Free  edge  of  proper  hubstance  of  the  nail ;  ft.  external  epidermis  of  finger ;  e. 
internal  epidermis ;  d.  bed  of  nail ;  e.  follicle  or  root.    8  diam. 

Figs.  7-25.  Structure  of  various  kinds  of  hair.  7.  Imbricated  human  hair ;  8. 
human  hair  with  central  medulla ;  0.  and  10.  sections  of  human  hair ;  11.  hair  of 
an  Indian  monkey  ;  12.  hair  of  camel ;  18.  hair  of  lemur ;  14.  hair  of  an  Indian  bat 
—a.  low,  6.  higher  power ;  16.  hair  of  polar  bear ;  10.  wool^of  sheep  ;  17.  hair  of 
lion  ;  18.  and  19.  hair  of  kangaroo ;  20.  and  21.  hair  of  rabbit ;  22.  hair  of  mouse  ; 
23.  hair  of  armadillo ;  24.  hair  of  musk  deer ;  26.  fibrous  human  hair.    100  diam 
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Plate  XVl.—Nen'ous  Sys/.; 

L.  LoDgitudinkl  lactloD  througb  th>  lunih 


ot  LaMarl  Oarkl.) 


>.  po«t«rior  iii«i)1ui  flnure ; 
root :  /  B[rinkt  cuul.    Th« 
1    rapmanted.    (Reduced  from  Bgure  of  ioOblari  dart*.) 

Fig.  S.  RuoU  ot  ■  ipini]  nerre.  a.  Stnutun  of  gmugUon  on  poaUrlor,  or  nD- 
•OfT,iDat;».  uilHtnr,  or  motar,  root.    (Itydig.) 

Fig.  4.  VertLoJ  ol  the  Schneldertan  membnuie  of  tbe  oKKmrj-  reiflon  o!  ■  loi. 
B.  EptCheliuin.  a.  Bnud  end  of  ceils ;  i.  nucleabid  deeper  layer  :  c.  deepeat 
o*ll  lijor.  D.  Fibrous  lajor  of  SchneidertiQ  memhiMe.  d.  Fjicretory  duct  ttoat 
«.  gtudi  of  Bowmin ;  /.  bnuichos  ot  oUaelory  nerve.    E.  Olficlory  nerve.    108 

Fig.  «.  Cyiindrl™!  Bplthellil  cell,  from  the  oltictorj-  radon  of  >  roan-  "^  ^Pj" 
Uiell^  nucleitod  eeii ;  6.  ncrvo  ceU,  wltb  ilr»lKbt  procen  c  ;  d.  tnlenuJ  brMcb- 
ng  Hlmenle  ut  the  epitbellil  cell.    SMdlim.    (Eoter.) 

FIg.a.  VBrtlcml«ectiooof»™mpartotlheretln».  A.  Entire  koUodo*  »™V 
putoftberetl.,..  B.  T.o  cone.,  represented  «[i««alyliHhelr  connection -rt™ 
(he  fibrei  of  MUller  md  other  struduron.  C.  Two  rode,  repimeutod  «p"»"''  ^ 
Uwlr  connection  with  the  gnuiulw,  tlbrcK  ol  Milllor,  .nd  the  nerva  •'"^^_  ^_ 
CoJuauiM  liyer-o.  in  A  and  C,  the  rod",  In  B,  the  tcTTuinal  part  of  the  "  ■  " 
e  one. :  2.  Gnmolir  tayer.  -c.  outer  l»yor  ol  nuclei  {rtrl.led  oorpu-clee  ol  B^,'^.' 
d.  inner  l.jBT of  naciei  ; /.  Intor-nuclaw  Ujor:  S.  Ncnous  ]»yer-c.  """j^n,  ; 
Bul»r  aubstwHB  outaide  *,  the  nerve  eelli :  *.  nerve  flbrei ;  I.  memftnin"  »'  ^f, 

(.  inner  ends  of  Itae  flbrca  of  Mailer,  resting  on  the  timiUng  mon't''**^' 
dtam.    (Xaiifar.)  6. 

Fig.  7.  Structure  of  crjet^llne  len..    a.  Extem.l  Uyer  of  nuel»U«lo         • 
flbret  ot  bunun  Icna ;  c.  ol  ox  ;  d.  of  ood.    KO  dlmm.    {Ttdd  and  »)«•■**" 
Fig.  8.  Nerve  from  the  linger,  shelving  P*xini.n  ci.rpuscie..  ii«ur*1  "'"t^g  m  » 
Fig.  9.  P»ccini*n  body  Irom  mownlerr  of  cat.    a.  Kene  tube,  lenxti""  ^^IcrT.') 
flnBttl«ncnt,c,c;  6.K.ucentric«crio»olliy*r»uinbromtlMUB,  iWdln""-    ■■       - 


■haped  rktramitj 


h-body  ot  Wagner,  tr«Med  by  ■««=  acid.    2fi0 
uiar  iMleulus,   with   nerve  entering  Ite  »ut«l 

r»r^- 

,1.     SOOdiun.     (Kiilknt.) 

con- 

c»l  sectfnn  through  the  cornea, 

A.    Auterli 

™r^-,''i;-^- 

e-  layer,  ot  . 

.ic  l»rain»  by  en»«d  llbree  ;  d.  posterior  elu 

lie  laBdna  :    "■    " 

lel.     80  diam.     tTodd  and  Bdv» 
iHina  Q>fraIi^oI  ttweoehleL    ] 
f  Corti.      2.  l^a-untum  iKn»r 

[iz^ 

■— r,-Sr- 

ilawfoofo.      *.  Internal  rodj.  of' 

Corti.      6.   A 

^dllooner>-«:.„  .'   rf. 
hed  free  jn»*^'^^^- 

M  ,-   e.    liit«rnal  Hat  rodi  or  <l 

IJ^^f'cor 

M  One  norv™.  1"  ;  #.  middle  r 

DdeofCortl 

:  h.  eiteriT-i  ♦^"^n- 

r  rf  the  mlddlo  rod*,  t  J  '.  oule 

r  r«l.ofCor«  ;  *i"™"";:;^"i.«t' 

1 ;  I.  bundle  ot  oochleu-  nervea  ; 

[1.  minute  nerve.  ™''"^Vn--*»«»« 
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PUU  XVIII.-Rc-produiUvii. 

Fix,  1.  Purtlon  of  gcrailnki  ueinbnno.  irilh  tha  embryo  troiD  Ha  ovuu  twoDtyfuur  lioun 
older  thkiiFI|[.i4,riiiteXVlL  The  rrlmltlv*  grmvo  li  not  ^tc  doMd,  but  it  much  itruuatr, 
«pwlall]i  iban.  Hire  ihne  awelllngi  wt  ubMi-riLbls,  whiah  on  ths  tbmi  prlmltlvs  bnJn- 
ccllt.  Al  Che  iofcrlDr  and,  the  graovei)  nl  t  lnrwcl  thtpe  IfinrntlmwliiAiaUi).  InUioeeDtre 
at  tha  groove  li  (  thin  itruk,  Ihs  copunenenniint  ol  the  dtordii  liBTialiA.  Six  (quue  cellii 
•ro  luraied  on  euh  tide,  the  conuneiiceincnt  ot  the  vortcbisl  column.  The  eermiiuL  DHIii' 
hisne  It  now  eompoHd  dljUuetlj'  ul  tvo  l«yof».  tlio  Hppif  of  whleh  C'*«  itnmt  or  animal 

i*lH«l<M  lajff).     (lOdlM.) 

Fig.  L  llic  aniE  embrjo,  teen  ndenft,  whertby  ttaa  nlenitlDn  o(  Ihe  dontl  iMDlDB,  ud 
tbe  gruore  between  Ihem,  tra  better  teen.    The  head  U  OrMdy  dilUnctlT  eleiUed  mbove  Uh  ^ 
(10  dJan.} 
ambrjo  tn^ve  houn  older  Ihui  the  fonnar  one.  turned  round  uv 
'  ■bdominkl  lurlUe.    Thg  b«d  with  Ilia  brvudened-iiut  Bntbr 
lurwanl.    ImmedkUlj' balowtbleuS-ehAped  tube  iteecn.whlcb  ia  IheiwUueutuj  J 
nwer  end  biucbea  oH  on  each  ilde  to  Join  the  ntculir  natvork,  iDrmlng  tha  I 
>mln>]  avlly  U  leCD  open  below,  auiitiy  t(M  1 
wDiewhU  Itaa  >p|«aruec  of  ■  p&nJj'-dMlisd  tuaV    (lOduiai,) 
r  nt.  L  Tbe  Km*  embrl-o  loen  (rum  nbuva.    TIhs  prbulUve  eroove  la  now  (or  tfao  nun 

it  wideood  out  Inlerfelly,  end  brni  lurwkrd^    Tbv  |>oal«rUc  J 
iu  ebape  from  ebaorptLon  of  fluid.    There  atb  two  viRohril  « 
le  primltitoifrooTetaldi  ol  the  leroui  imj'ar  n 

I  tnmmeneemont  ul  Ihe  tatailat  lavr.    (U     ' 

i,  Xit  smbrjo  from  ui  orum  suppotsd  V>  be  tweoty-lhi**  or  twsnt)'-taur  i»ft  old, 

.    The  prIuiUTD  Ktouie  ii  now  toiuplalcif  duted,  In  tunu  the  mnlullU7 

thr»  pilinltlte  bnin-celJi.    The  Dnt  of  thtte  It  etaa  to  b*  to 

ndal  UlanJIf  u  to  luini  u  emuh  tide  the  Dmhiro  ejiea.    The  cubiyu  etn  (re  tlao  aecn 

fciich  tide  ppptitlta  tha  thin]  brKin-aclL    Thaujipcr  end  lower  ende  of  the  emlirya  kn  bov 

In  the  vaiculu'  \t^T  on  now  fully  tunned.    (10  duit.] 
t^g.  d.  The  aune  embn'o  tean  froni  below.    The  head  it  ttronKl]- bant  forward,  eetbMUM    , 
uubrfo  ojet  are  but  teni  on  tbU  lurtu*.    Bebiw  thve,  ti 


now  pulalo,  and  adrculatlDU  it  esltbllihed  oier  ibe  nwularaiea.    (lI 
PlK.  7  An  entire  ovum,  with  the  cmhr^o  tuiuawtaai  older  then  tha 

tlw  folda  of  the  aeroua  la^er  have  ODniplat«ly  oloaad  over  the  baf  k  to  ton 


.    Thahi 


nl  tmn  (be  latemal  tu 


ippei  inrllon  I*  teen  lumutideU  bj  the  aai 

Inta  aalvioT.  luilchboudliK.  and  Dilddl*  bl 

ol  ;et  cenntvled  with  the  third  bi 


(S<1( 


a.  EBibtyo-i,  uani»-o,  ODiblllaLl  vniclB— d,  ihe  vltsltUn  duct,  M-  gicdkjg  it  ft* 
al  volole-c,  tMuOoli-/,  IhD  unubul  pr  ptdMa  of  tbs  alln 


'\g  U.  The  Inu-cr  end  dI  ui  embiya  loniB  boun  oMer  lltui  thit  In  FJg.  a.    Tha  nnnM 
1  i-unilu-  layen  &n  dnwn  upwards,  hi  ilut  not  aatj  la  the  viKcra!  ctttty  irvd,  buttkB 
rer  portion  ol  thv  [nwnlnil  cuul,  it.    At  the  lomr  pnrllDu  of  Oie  embiTD  m  twu  looill 
slllngi.i,  b.thcranumeiHnmeutDttbeaJtaatoiU.    (lUiluiw,) 
fig.  IS.  Tl«  liiwncudof  ui  ombrTD  twelva  boun  oMn  than  the  lut.    TV  allMitobim 

Ik-  10.  Thu  emhiyo  of  wi  Qvum  twelve  houri  oldar  Uun  the  Ian,  impeiHled  hy  the  t»s- 
:iir  uid  mucQUA  liirenk.  AM  tho  dHfennit  ]miis  foruHrlj  refemJ  Xtt  oie^  be  Beeii  fnrl^ 
'elogjed.  Tlie lupcriot exmmlt]' ia prominent.  In  the  Tlecenl  cRtit}-tw<i  loncUrtalBl 
iienuc  wen,  the  Woljfiait  budia  ;  Hid  (be  alUntoli  II  noH  n  cnlujed  u  (a  hanRnal  i4 
1  vlicenl  cavity,  covered  with  n  netwcir1(  ot  veeiela  in  ecmncctlen  trich  the  ibkuUt  lertfi 


».) 


a.  AnCntor  bialn-cBlh-b,  vya—c,  HfoiullAbi 
wll— d,  Btet  ?bccral  »reh-r,  prucc»  llicreuf-/,  Ihree  loiter  liBrana  artbm-ji,  right,  oul 
h,  left  uirtsle— <,  loft,  ind  k,  jiglit  reiitrklo— I,  uirlB,  trltb  lunlo  bnucbci  ta  the  tlaoil 
uichigi.     (ID  ddiH.) 

Be  IS.  Ad  embryo  older  thim  that  n^retcntcd  hi  fig.  14,  nxo  in  ftnnl.  a.  N'nai  tin. 
tuna-i,  ejoi-o,  Brsi  ilsceral  sruh,  now  tho  under  Jmw— d.  second  ilweral  iirch-*,  tfeh. 
and/,  led  auricle-o,  right,  and  ft.  Icit  vontrlde-i,  Borta-*,  liver :  Ti*t*e»n  lla  t«o  lobsU 
omphalo-txcinilrrlta^l,  stonmch-w,  liitcBtliml  raiial.  icnnluUne  Id  «• 


umbtUnlTuide 
diam.) 

Flu- IS.  EnilirjTH 


v,  WoltAan  bedle». 


or  citnmlir.    ^ 


Hole-  (,,  left,  and  ».  Wght  u 
mill,  whidi  by  a  t»wl.  ■  | 
th  the  umbilical  vealcle  ■ 
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PhtU  XIX.— Practical  Physiology. 

1.  Dm  Bi>i>-ttiiyiiioml'>  iiuluirlUiD'ftpiiuiiliw.  Rt.  Pricikry  soil;  Rl.  Midunilu] 
f»ll ;  Uit  upper  B  ii  tbo  grooTo  In  wbich  tho  HcondiirT  cdU  iliilci.  U  U.  WuuIeu  uukI,  1, 
Seals  gndualvil  Inlo  mllliiutrB.  h.  ElMlm-Rugnetlo  mnnntu'  lor  MlncUnit  NnTi 
bminior.  *.  Betow  for  nKichlng  wire  from  porillTo  polo.  Z.  Screw  tor  wiro  In  touoMllM 
B-lWi  Mgntlvo  pole,  f  S„.  AtUdimenlt  (or  •  ttire  wbon  Hdmholti")  moJifiotlim  U  SIS' 
\AajrA  (•»  Pl(.  !  ^).    8'.  Sciiw,  Ui(  [K^nt  si  wUoh  aubildiei  a  conD«Uon  alth  tbe  liul 

Fig.  2.    The  nul  of  Du  Dolt-ReTmoDtl'i  *ii|iu«hu,  dMUiog  on  the  ifght  hud  m  dlagn™' 
inslicvleir  of  thDprlnuujaad  K«iDdu7«ilU.  a.  BenwIoratUKbiuglheKlnSfiBnlnK  Ui 
8,.,  u  uHd  In  Bdmbalti*!  niodtftatlon.     t.   Ewl  iil  Uh  piinivT  mil.    S.  Bcnw  polDt 
vhlub  tuiM^cn  Ibe  under  eurfBco  <pf  tbe  iprEug,  jind  Ik  plaiwd  uti  the  top  of  th< 
In  the  be« o[ Khkb  ibere  li ui  ituuhing icnM,  a     S„  Scrcv,  Ihepolntol  ohkta  touchatto^ 
bkFk  ot  th«  eprlng  when  Uie  ippuuliuliuHid  iu  thtoidlnu?  wnf.    8^  AttoehnKntK 
far  the  wire  puilng<ii  Ibe  dirocUoii  ol  Iheumw  to  Ki,  IbepHmuT  coll.    Tte  lower  u 
iiiilicM«  Ibe  win  pnulng  to  the  mignetu-eleftrk:  kppantui  Ba,  Hamdu;  MIL    k.  TM 


r\t.  S.  The  llnb  ol  ■  bai  okinned.    a.  The  mi  iKlei  ol  the  lef ;  (>.  the  •oiule  iwrf*. 

ri){  t.  Hultiplf  Ing  gilnnomelcr.  s.  fiue :  b.  brvi  hot ;  C.  baiwwid  rnune  a* 
•"(■llnawlre;//.  wire*  lending  to  ifmlymorooinr;  t,  MfewlorroiMJngt  *,  *.  VerUoJ 
ban  Buppurtlng  n  horiioDtBl  bar,  Irom  lb>  centre  ot  wUsta  llw  uUUu  uKtil!e  Is  iiupeiul 

■  elngle  dill  abn.    f.  Ben*  lor  nlelng  or  luwering  tbe  needle. 
Pig-  ^  Non-poliuiBble  electrc-le  ol  Du  Dolt-Rermond.    a  9.  Atiwlgunntid  line  In 

r.  iiuchmeut  icnwe  lor  wUvl    (,  A  netongutu'  piece  ul  vulMuitu  [or  ueUiUInlni 
■.-uihliin  of  bintting  isgier  In  |naltlnn :  a.  OUn ol  mirin dv  lilil  on  the  ciiehinn  •out' 
t«lth*  iuukIo  ImD  the  Irtiuuit  ectluii  of  lbeMiluUana[eul|ihiilavI(lDC. 
FIf.  fl.  PoJarliAblD  eJeclmta  of  Du  DnlA-IUjimind.    a.  Wooden  fluid ;  A.  nntiHl  pli 

■  Iree,  (.  paolng  Uiruugb  II ;/  Uie  nem  l^big  vu  tlie  Liluirulu'  pIMIniun  eleotrodea;  f, 
Iruughi  ounlAlnlng  eiivhiuiu  of  htoltlrig  peper  ImEDBTeeil  In  nolutlon  of  aufphale  of  sti 

Kig.  T' UuttfJelelegnph.  A.  Futuo|ie  holding  Ehe^Dcaur;  B.  huhlle of  fonepe,  be 
lu  end  Ihe  Hinw  B.  Tim  lanxptau;  be  elongalod  urthartsned  hj' dnwing  thein  oi 
•i«;l(at.  lEcurod  bjr  B-  8.  Screw  lor  uuddng  wli*  a  from  poetllte  polo  eC  tbe  tslUir ;  I.  I 
li.MkBted  U>»eila.idiW<(,  uidhivlngawln.a,  In  conaeetiun  ulth  nentUre  pole 
vi  II.  aa'  thnwl  pHilug  from  tt  ma  Ibe  |nil1c)' p' p uul  nipportlng  the  bnokei 
miuihI  ouunUrp<>l».iielght  ettiehed  totJieaudal  the  lant*nn  iborcf',  hMulngtb 
uhl.ib  nioveain  the  dlreoUon  ot  tbe  atrow.  Z.  Screw  tor  liliig  In  the  uoliet  llw 
plllu  of  bnu  UvliigUii  telegnph.    f  ^.  The  Maodutlhe  aluile  InitruiDeal. 

1^.  H.  Pnoger'i  falling  apparaliu  or  trip  hammer.    E  1.  Woodm  iriand;  dd. 
lH-arln(  the  aile  «,  tin  which  the  haudli  k  at  the  hUDOier  f  t  moToi.    i.  lleailallli 
n.  tleel  ptiliit  attaelieil  lu  ilds  ut  Urn  haounar-bHd,  lor  dlppln(when  the  hai 
i[ti<>th«tn>u|rh  X.    s't/Z.  Hledsieh  lor  holdUtfieeurol/  lbehUMll*otUiehuiiiiier*h«a  J 
uiF  head  talli.    v.  ^teotar  attachment  of  win  In  ouuDCUthiD  wllb  aeuMlTt  pol*  01 
ijiie  plea  of  hiun  a>  luppurte  Ihe  trough  i.    e.  ltd**  tot  wire  tmtu  pealUt*  pe 
I  Litery.    P.  Uvei  «utUntb«t«oan  twouprUhU.r,  one  em]  ut  the  lain  being  wen 
.  ].»IUiw1ng  Ida  dotlod  line),  and  tho  other  at  g.    r,  Sdrew  |hiIdI  whEnh,  wh«u  haBBOcr  bi 
tii'i'aUd,  lalouehfd  b/  the  end  ol  the  lioer.  but  liHpanlnl  trom  It  when  Ihe  head 


I 

» J 

m 

« 


t.    8.  It|ilni]  Miiriiitc,  Wurkinl  liy 
.    A.iiiil«CLviiJ  ulUw  lualrun 

naf  lie  clBVatvd  urdv|>rK?viud. 

Vig.  10.  AmuigL-iiiuiit  M  ii|>)jarstib' 
dt]' III  Uu  llviiiH  Uh1>-.  Tim  Iniliviilu 
limiKrwd  ill  the  truugbi.    On  liirf  liKl 

I'll!.  11.  Tliu  rhi-oculd.  U  W.  Muli 
hrlilKu  inrur  wlikli  tlui  M'ireii  |ei»  nl  f 
niercur]'  A.  vaiwlili-  ul  diillui;  aluii;  tli 
■Wil  Intu  raJULui.'tn'^    I-  E.  I,  •.',  :1,  4, 


n 


■■^  i 


A         J 


rhU  XX.—Pnictkal  I'liysiolof-y. 

view  ul  Uii  Myuffiiiihlnn.     A.  Cluekwork.     B.  Ri^ruMnjr  i^UiKlcr. 

itrifugal  arpuiiliii.     D,  WoodOD  MMid  nr  hun  euppDnlng  Ule  whnlo 
B|i|ainluiL    £.  mcnag  fanm  pUlar  luppurllng  >  aquan  glut  uhimbcr,  1u  whlvh  Uii 
impinitlol]  la  ■timulitod.    T.   BniB  fVimi  Kav\>otVmt  Uii  luver  (p|«nilu>  I  [.    G 
tuiveinlur  huhlliiKUiglamiir,  pnvldal  nilh  a  Undllw  Hre"  at  (I.     U  It.  SXrot^  vt 
floor  of  lite  muUt  chUDber.  having  a  round  hols  tKtwnn  r  and  r.    L  L.  VnnlEalailionwIilofa    . 
Ibe  cylinder  B,  atul  the  ccnUihig^  bai  C.  ravolvs.     U  N  L  M  lian  oianboi  |iIm«<I  bvncalh    ] 
Uia  ceatrtfa«>1  hoi  C,  bui  auubed  in  Uia  aunB  aili,  L  L.     In  ttili  open  ban  » 
iwu  wnloU  iilalu,  H  U,  mhleh,  hjr  triutlon  with  tlie  air,  nlve 
Uw  machUwr)'.    UndonmUi  SS  N  L  »,  li  >  MTmr  r"  r,  for  oloFHInE  or  depraalim  IL 
a  line  oUli  O,  tnoall  bn»  rod,  hathi))  x  movtbl*  wtl|[htnmr  f,  fur  aflnimal;  tutandoc  I 
aodwIJiutlnethealyletMl-,  whldiliuhwrrnllnoaiiUclalUithscj'lliuliirli.    SS8.  T 
ill  th«  lour  atiuhmcnl  ■srewi  Inr  wires  coming  from  INihl'i  Oommiiutdr.    S  8'  Bf.  Atl 
nient  acnwi  In  Uia  Ulterior  ol  Uu  mulM  dnuubur,  euDiiKted  tbrrnii^  the  vuleanlu  |>lala  I 
uUhSSS.     V  V.  Lover  ajipanUu  lunMrtlng  Uio  tDRthnnlnn  hj  imanaot  whifh  the  prl-  ' 

a,  Coril  pBBlng  Irom  a  drum,  and  having  a  heavy  weltfhl  al 
ihli  li  ibe  motlva  jMoer  of  tbo  elook-worli.  Tho  eonl  nuy  Im  wiiuint  u))  by  Uii  huuUc  X.  1 
h.  Dial  lot  IndlnUng  Iha  npldltji  ol  Uie  daek-i-urtt.  c  (Sear  U»  tnp  i4  th«  llgura)  a  iptrM,  i 
>'•  fiimuel  whlghthBfDrGe|HSDU>tBOlentedvrdeproiwd,and  Knumlbj'aii 
I  "...it*,  t,  4,  i,9-  AnapfnuiUiiafliDiUtlngat  adrcuLirbfit  In  Uaeronf  of  liw  mnUt  chambtf^  1 
.1]  ubliihj  by  meaiiAof  4iin«tilr1emotDm«itof  U»i!dalB/,Uidf4a' 
.  r^  n  Ik  <.  the  foree^  C  way  be  bruught  uvcr  euelly  the  nmln  nt 
I1U..4,  H  B,  oiarknl  r  *  r.  j.  Uiu/noiuafw  muack,  havbw  ■  hook  In  (he  Itmta  JdiatU.  ^I 
v;  ire  |iaul III!  Iron  Uie  huak  JuMmeDUuQed.ioanolhHhauk  In  the  lerrr  I*  I.  n.  Anioobul 
neluhi  on  U»  Im  end  of  tbo  lever  r  I  lor  balancing  (he  lalltr.  r  r,  T»i>  eirculu 
|.Uia  lur  aliuiat  difllHC  the  bole  In  tbo  vukviile  flixir,  a  mall  parinntlon  being  I« 
iiie  win  i.  The  more  oompliala]  rorU  of  the  nuohlnerr  are  nuriiad  by  (iriek  ietlcn,  adC'l 
.  aTi  DUly  be  uudenrtood  by  umiauing  Fig.  1  nllb  t'lgg.  s  awl  3.  or  by  eiamlnlng  Iba  li 

Imuiadl&tcly  undar  the  point  el  Iheelyletle  V,  iheir  may  be  Hoi  the  ap[«raln(  tnrlrtMifl 
11^'  It  In  Donuot  witli  the  ivUil  of  the  cylinder  alt  ha  proper  moment,     f  f  A  bavar.     r^^-M 
iiiatuund  ■bluta  thg[deaiaf  bruni'B' Rinvaa  wbenthBeud  uut  (he  aiii,  1.  L,  !•  kn 
.  ,->lrirt  by  •  amaU  pfoJeetHni  leea  clneo  to  the  aid,  wiiI  marked  IL    At  p.  to  tba  licht 
,.  the  thraad  paadng  duwnnnli  (0  1  »,  llwendef  the  livir  V  V.    TWalem.  VVi 

11  an  aula  In  the  idnar  aeen  reallntr  un  a  ilitlDg  %•  Tbt  nislng  It  •i[i/<hnl  to  •  hm 
.  f,  ah1?b  nWTa  on  an  aita  beiwien  twn  hnai  pitl^m,  one  al  •fbldi  !•  mn  aim 
. )«  the  right  at  V,  then  la  •  deliul*  i^Ilar  et  bnun,  tnm  lbs  tup  ul  vhkih,  ai  i,  a  I 

.^on  upinnli  to  the  pulley  e,  and  tmm  thenM  dowtmrd*  lo  the  lelt  U>  tlii  «mI  i  .  .. 

[tlette  K  Near  the  batlotaet  Uh  pillar  P.  Ihert  U  a  unall  arm  marked  «  1,  by  whlsfc  ll 
I,  i<T  V  V  maybt  h*ld  down,  and  the  ntylelta  thna  iillhdnwn  Imm  the  eyllnder. 
.tlrert  attentlun  to  the  appanliu  tor  hmkliiK  the  prlmaty  nimnl  al  a  |im|Br  muncDt. 
tlie  lultrinr  if  the  cuntrlfujcal  appenitu  I),  II 
tb*  end  o(  which  la  Boea  al  ^  ' .  A'  V  !■  the  rvetengnlar  ami,  which,  vbea  puabn 
la  prlmaii  cinronl  In 


3.Tb..i 


n  the  dlnoilnn  ol  thi  arrow,  propelled  t>T  a  apltal  Wi 


.    Kear  the  baM  ol  tUe  iiUkr  C,  ihrre  It 
•PI«ratu(  V>  V. 

a.  Point  n(  the  nuvipnngi 
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tiiiiisuf  Iha  ciimmt  nin}' ■■•><» '"'1' 
Ihc  viim-nl  will  ]ia-a  almi:;  u  cin'iili 
l>ut  If  tlH)  brMifD  bv  rL'Vi'iM^J,  gft 
nut  will  lox  aWme  a  dniill  (rvui  ^ 

I*  pkiairl  la  Uh)  l^irc,  IlK  Uini'li<iii 
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I'laU-  KXl.—Pnictical  Fhysiohxy- 

T\9. 1,  SMIlcm  or  I  oomiHninil  idirDiiullo  mlcmnpv.  a,  By»  of  obHrvar :  h.  aj^^lui : 
e  e.  itiin  Id  the  Ere-plece ;  i.  fleld  )['•>>••  Ttai  Mtan,  t,  t  e.  uid  d,  npnHilt  Iha  Bjv-i^Ke, 
<./.  (nil  a.  Va»  obJ«Uv«,  caiuitUni  nl  time  ubmnnula  kiuo.     Ilia  WTa»,  a  y,  baiHsUi 

ng.  E.  riaorui]  tfl  llliutnir  cbroinUla  ibtmUnn.  ■  y.  Abl-cmiTsi  len  :  t.  ■nj'  of 
llt(lil ISbIiik ditcclly  thniDKh a  jF ;  at.  two  iv>  oMI(ht dkinnad  lit>V.  nlbtt thftnoM 
nyacumstotlucuiiiit  A.vidlliBwlUT.    I.  U  »  Mn*n  plu*d  uhl-wi/ l>ot«««i  A  aod  T. 

Fig.  E\  Mc«  of  tbm  uhromkUc  Igiua ;  a  i  e  !■ 

He.  3.  CHitpui  to  liluatntc  thi  tbcoiT  at  «nlir! 

UiBi  Uirr  cnlfr  U»  iij»  V.  nuh  (U  Miglo  H  It  tbcj' 
Kqiwiiujr  ii|ipwn  BUKiiian]  tu  tbB  tUe  u'  £'■ 

Fig.  4.  IXagiun  to  lIliiMnla  iiDMrlckl  kbcmllon,  ihsirliiK  His  nv>  i^  i^  linplDsIng  m 
■urfun  of  iha  l«i>  luuUiiiiurEin  brouiihc  li>  t  locua  tt  A.  while  tliun  iiuiliig  thiuufli 
oMitn  ft,  nul  iMlDtf  u  Tnugh  nIrwIHl,  meet  (urUwr  (lO,  •!  B. 

A.  Body  uf  mliinncain.    D.  K«claD(u]ir  una  ■u|>|ortlt«  It.     P.  C'wn*  •dlunniot. 
rina  luIjuKtmcol.    U.  MliTDf,  wnoiTt  on  oualdt,  plu*  on  Ow  oUwr.    O.  fllUetr*  ._ 
"1.  BuUVaj'B  Rndenien  tor  Mlialim  llshi  so  ntaqi 


plnod  uhl-wi/  be 
ufla  ot  mpartun  id  iba  h 
MDt.  Ey.  Abi40Dfwt  IcDathTaufli  I 
J«t  a  »,  uhI  Kbiirh  HI  ntfneu  UiM  / 
»  Iroia ■  lEDia  object  a'  V.    at Don- 


•  )il11iin  wpponlnc  the  mtcmMMp*. 


ubjeru.    1 1>  vjipcnUe  U»  ilronx  t>r 

blucU™  ot  Roi*.  iliMii..  ... 

Tube  euiTlnji  tbe  twu  iipjier  leiuM ;  A  A.  tf^TlndHCUTjiiicthalawtrlgM;  01..  mm* 


,  ipllt  lube :  d.  ub]octive ;  1 


li|{.  8.  (JberbeuMT'i  uknaeope.    a.  Ejo-plece  1  h.  b«l j  ;  < 
mlnar ;/.  flne  uljuttnieiil  \  g.  HindeiiHr. 

>.  Ktiibrt'i  |>«t.el  mlcniKop*.    a.  Er>>|UMO  ;  t.  bodj  :  t.  llne*4]iiflncDt;  tl.  In 


utniDUDl MeneloML    i,  A  iWiU  buttoDlormoTlniUwuiIrTur. 
KcUiHi  guHlDJt  niipinttH.     A.  Vbv  (rwi  Uhi  ilila.    B.  V 
IKR  iptantuii  h>  ( tibl*  ^  k.  Kckat  tn  irhlch  lh>  Ana  tlrnw 

■  Vnlta,     1.  ft,  Illuln;  c.  srew  tnr  atlnf  Ub  dlilmnai  l>«lirrfa  II 
I'll  boldlnf  blMlH  ii>n<b*r  U  the  JkIiiI  •. 
>|ili  ntJOnyitaUHl  tathaleti<rFUt,    The  nunn 
coniHtlon  wKli  die  ^nc  Tliiuiig  oa  tb*  erlcrj. 

d.  Biedhv   I 


Rf.  It  r»Uin"mollhee™eiitl»lI»utio«tI«i.iitijT|mi>«i»ph.    ■.*. , 

fur>UtchtDnitot(|irln(>/:/  bulion  tnr nnlnc  oD  the  puW  ;  rk.  dolled  IliM  iMllanafl 
tb>  po^liun  ut  Isver  a  ft  wboii  elctktod ;  k,  tptiat  IDr  nrulMluf  mavMiEnli  at  Iner :  C 
imJ  cl  u|irtKht  rul,  nillnf  below  on  /,  end  which,  lif  ■  lllUe  nwlkl  ahoulder,  ehncUa  Uw 


tnciun  at  inliuioiB.    T,  Ttaafl 

'— -'W  wlUi  tbfif ^ 

l«tU|bl«i 


.    ernil  arU  4 

.  >bulnlnt  tnclnav    It,  Ir.  Ml  __ 

*n  acan  under  As  cunOKtad  kllh  iDdle-rufatieT  lube* :  II  ■ 
iment,  in  ItHllkrubtw  lubeeflUal  with  ulr  uid  btdnf  A  M 
nwrtlon  Into  Uia  blood  vtB»leor  IDIaoneol  Die  •■•Ule*  «  I 


Fl^i.  18  and  ID.  VuUmmn'i  hoaiiulroaiomoter  far  meuurlnE  tb«  nnUll;  ol 
Itun  ul  Uw  bioud,    a  b.  Nnnln  lor  Imorvlon  InUi  Ihs  irUry  ,-  c  c.  tuba  iiapv 

null,  builn  m<Kl  !iulninieot*i.heKi 

Fid-  *0.  The  aSMntial  port  of  Vlero , 

thn  qlrcultauD.    AU.  BquiremcUULc  box,  (wo  alda  bdtig  made  ol  ilwa.      

the  blood  at  a ;  d.  a  Kimdualed  arc  for  tnouunng  the  deviaUom  trom  titfl  perpviidl 
ihB  pEUdulum ;  a  the  pendulum  a>  moved  bj'  a  lUvuii  ol  btood  ttuvueh  lb«  boi. 

FIk-  It.  ThD  kj^DoEniphlaii  a[  Lad»%,  far  meuu 
Inj  the  time  oocuuled  br  uuliaUoiu.    di  d.  e.  A 
which,  fn  tbo  tiro  Umbi,  la  Bon  at  d  and  b    I,  n,  ■>,  >. 
larboDile  ot  lada,  th«  pari  I,  n.  h,  a,  beliw  made  ol  lud,  woiie  a  a  » 
aodttratelr  fltUng  Hiew-oc^lar  tor  udLUdb  tne  tmi  luben ;  n.  a^  ^r  huJ 
proiridid  wCiA  a  >topp«r :  I.  a  coDiwotlni:  acm-ooUar  betweoo  th6  pan 


.,  Theapparattulurrogliteiliig  lliu  ^,-:.Ai.„.„  .^  .,.- 
IQeTVa^y  Is  oolr  added.  /.  Affliia  Adat  an  theiurlacaof  thflniercun'bearlit^  a  ihiD  tvrtLuJ 
rod  « 1  A.  a  •cra«-ca]|ar ;  k  k.  tno  uprlgblc,  bavlnv  UDn  wlm,  cm  whScfa  the  mntTaiH  bit 
bearing  the  stylette  liaavuFmlJ'upaiutduwiilntheiamevsrtialpUlig  ;  k.  anlgtilvtiM 

meat.  Tu  tbeldtoFti  IsKHianvoliiiigiiflliidBr,  A,  mavioK  an  kn  ailp,  a  i,  aid  bams  a 
■If  tetu,  d,  hi  conUut  with  it. 

Fig.  SI*.  A  T^haped  Duiale  for  iiuarti-k>D  into  an  artery  by  tha  endA  a  t,  lliQ  tub*  *  oD» 
necUllg  It  nlth  the  end  of  Uu  leaden  iilpal  n  «,  tuFlE-  it. 

Tig.  II.  The  aDapnagraph  of  BerKSon  and  Kaetua,  fur  niBiuuring  the  amount  at  alrle 
Innnlnllaii  and  explntloH,  aadfiir  obtaIiiiuK><i<'<^iiS»"bBniateiDcuu  ^r  r<r<i>Ip-in.i>i.    i> 

c  TniulDs  obtained  un  Iho  paper.    NU.  BoiooiiUlDlnc  olock-wDrk:  I:,  im' 
lug  ur  rglatlug  tho  laigr  B :  O.  diagrunitlo  v<«*r  ot  InbirlDr  of  l>»i. 
aluinlalUm  pIMa  and  lever.    Th«  datt«il  Urn,  t,  ihcwa  ninieoHnt «!  thi-  << 
Fig.  13.  llw  aphthalmotrope  ot  Baule.  a,  t.  Uodeti  ot  e^-baDi ;  c,  d  ir 
wblili  (tnrdipua  nm^wnting  the  uiuelaaof  Ihieyea  ;  t.  eordapaiidDEit'.  . 
brau  plain  /,  /.    The  bank  at  out  of  thsac  platu  /,  /.  gndualed.  i>  ihin  ai  .i,     u.  ii<»- 


r  aupponlDg  the  appantua  ^  k-  voodBTj  box,  having  In 
'-  "--  oordse,  areallaclwd:  (,>;.  InrgUIng  HrewB, 

Tha  ophthahnomsUr  ot  Ilelmbolti.    1,  d,  t,  A.  bmn  box 


LfbeJiD 


ilaltilns  Ma  (iOM 

pla(«(>aoa  In  Ft(  N. 


pillion.    At «,  !•  a  portion  ot  Uio  idewHnHi. 

lu  the  upper  part  ol  the  boi,  iBa  line  citba],  tvothnl  at  lh«  «lgv,  lur  rei 
plalei  by  nieuu  of  plulam. 

Fig.  !••■  OlagrammaUc  view  ot  the  roflecrtloTu  ot  a  candM  flams  won  In  thr  hunaa  V^ 
u  aijjuitcd  tor  dlRant  obleobu  I.  Corana,  erccti  X,  anlcrior  surhwo  ul  luu,  oHtifc 
pufluirlot  aurfuM  of  leiu,  InvcrlwL 

Fig  W.  The  aame  a>  adjuiled  for  near  oblertL  Thv  atHciiOT  juctacc  ol  ilie  Icm  k> 
become  more  con  vex,  aa  9  li  asen  noaTTT  to  1  tlian  hi  it*. 

Fig.  IS.  nailer'!  apparatua  lor  Bhewliig  EhB  praduellan  uf  voice,  h,  For»|H  tK  eW' 
preraliie  the  Uuroid  oartlbge,  ui  aa  to  auproilmate  the  oordi ;  K  tninable  haniUa  al  Oi 
tnrcfpfl ;  e.  cord  paaalng  from  a  hooli  attached  to  the  uppur  margin  of  the  thyroid  eanlbVL 
iu  the  merial  liiio,  over  a  (mail  puliuy  ;  it.  scale  or  halanog.  at  the  end  ot  e.  Bv  (Alias 
noigbUiiid.ChDiciulonattbevDDaJcurdamaybeincroaaedBtptoasiire.  AB.  WoodeaplIW 
aupportlng  tlie  torcepeand  puUey. 

mofMohf. 


X 


Hi  by  tile  rpllt 


'.fci?-, 


I.  ghb)  beakor  pJBued  uiidu  a. 


.it.  glanburetta.n 
rt  plena  ol  liiiiu-ru' 
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"DrBgowtt'a  DomsnnuMil  Inlcmting  ouaa.  hit  on 
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ftutUod,  hr  enrr  phjildui  and  auTVfwn.  In  uudoOQlba  v 
il  eaeh  morbid  grnffUi,  u  iihlirilod  in  th<  Xf>va  of  hi 
»ork."— 0)piiiiiri  Meiieai  DletieiMni. 
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